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ABSTRACT 
Of the many geol ogic pro bl ems associated with the continental crust, 
perhaps none is as significant as the origin and history of cratonic basins . 
There are more than 80 crato nic basins in the worl d .  Many of these are known 
to have underl yin g  rifts . The I l l inois Basin is an intracratonic basin 
cl osel y associated with the underl yin g  New Madrid Rift Compl ex . !BUD is 
proposed at or near thickest section of stratified rocks ( 7  to 8 kil ometers) 
in the I l l inois Basin . The hol e wil l be designed to test the hypothesis that 
the I l l inois Basin is genetica l l y  rel ated to the underl ying rift system . Data 
from the hol e wil l hel p reso l ve one of the great mysteries of geoscience, the 
origin of cratonic basins . 
Dril l in g  of the ! BUD was recommended at a wor kshop of more than 120 earth 
scientists, hel d in Champaign, I l l inois, in April 1986 . The workin g grou ps of 
the worksho p unanimousl y sel ected a 10,000- square-kil ometer area centered 
near the town of Sal ine Mines in southeasternmost Gal l atin County, extreme 
southeastern I l l inois, as the prime area for the !BUD l ocation; the area is 
cal l ed the "Hub site" because it overl ies the Reel foot Rift, the Rough  Cree k 
Graben and the two postul ated arms of the New Madrid rift compl ex . The 
workshop determined that more geo physical  data are essential to define the 
precise dril l site for ! BUD . I n  response, this site definition proposal 
provides a precise program of geophysical and geol ogical studies for !BUD site 
definition .  
Site definition wil l ta ke pl ace in three phases . Phase I involves 
regional gravity, magnetic, refraction seismic, deep and intermediate depth 
refl ection seismic, and magnetotel l uric surveys in and around the Hub site . 
These surveys wil l refine our knowl edge of regional  geol ogy at depth and  wil l 
focus site sel ection on  a sma l l er area . I n  Phase I I, detail ed surveys, main l y 
high-resol ution seismic profil es, wil l be made in the smal l area chosen in 
Phase I .  From the data obtained in Phase I I  a precise dril l site for the ! BUD 
wil l be sel ected . Phase I I I  incl udes intergration of resul ts and a Site 
Sel ection Worksho p to recommend the ! BUD site . 
The site sel ection program is expected to require a bout 2 1/2 years and 
to cost approximatel y $3.8 mil l ion . Costs are prel iminary and su bject to 
further negotiation, in part, because geophysical contract prices can not be 
hel d to cost estimates if the economics of the oil and  gas industry improve 
and because determination of indirect costs is dependent u pon  the source of 
fun ds and the timing of appropriations . 
I NTRODUCT I ON 
The Sci ent i fi c P robl em and the Rol e of U l t radeep D ri l l i ng 
Desp ite  more than 140 yea rs of i nten s i ve study based on shal l ow 
expl orat i on for oi l ,  gas , and mi neral s ,  the h i story of the I l l i noi s Bas i n-­
part i cu l arly the ea rly hi story-- i s  poorly known becau se deep dri l l i ng and core 
samp l es a re ra re and the l ower 3 , 000 mete rs ( 1 0 ,000 feet) of l aye red rocks are 
u ndr i l l ed .  Of a l l the geol ogi c p robl ems of the cont i nental c rust , probably no 
s i ng l e probl em is as s i gn i f i cant or has as many rami fi cat i ons as the ori gi n 
and h i story of i nt racratoni c bas i ns such as the I l l i noi s Bas i n .  The answer to 
th i s  p rob l em remai ns el us i ve ( S l eep et a l . ,  1980 ; Qui n l an and Beaumont , 1984 ; 
S l oss , 1986 ) . 
There a re more than 80 craton i c  bas i ns i n  the worl d .  Many of these are 
u nderl a i n  by ri fts ( Ba l l y  and Snel son , 1980 ; Kl emme , 1980 ; and St . John , Bal ly  
and  Kl emme , 1984 ) . Geol ogi c and  geophys i ca l  evi dence ( L i d i ak ,  1982 ; DeR i to et 
a l . ,  1983 ; Kel l e r et a l . ,  1983) suggests that ma ny , i f  not a l l ,  i nt racratoni c 
bas i ns are underl ai n by ri ft s .  Such i s  the case of the I l l i noi s Bas i n  ( B ra i l e  
et a l . ,  1986 ) . Therefore , i t  i s  p roposed that a 9 ki l ometer ( 30 ,000 foot) 
u l t radeep hol e be dri l l ed at or nea r the deepest pa rt of the I l l i noi s Bas i n to 
exp l ore the rel at i ons h i p  between th i s  i nt racraton i c  bas i n  and the associ ated , 
underl y i ng ri ft .  The dri l l ho l e wi l l  p rovi de an opport u n i ty to determi ne the 
early h i story of the I l l i noi s Basi n ,  i ts p resent geo l og i c  and geophys i cal  
characteri sti cs , and i mportant const ra i nts on the theori es of ori gi n of 
i nt rac raton i c  bas i ns .  The I l l i noi s Bas i n  i s  pa rt i cu l a rly wel l sui ted to such 
an i n vest i gat i on because of the cons i derabl e data base ava i l abl e from recent 
geol og i c  mappi ng , geophysi cal studi es , tens of thousands of avai l ab l e  samp l es 
from dri l l ho l es ,  and the spat i a l and tempo ra l cont i nuum that exi sts between 
the sag porti on of the I l l i no i s  Bas i n and t he u nderl yi ng ri ft . 
The I l l i noi s Bas i n  i s  an i nt rac raton i c  sed i ment a ry bas i n  cl osely 
associ ated wi th a comp l ex ,  an ci ent ri ft zone : the New Mad r i d  R i ft Comp l ex 
( B ra i l e  et al . ,  1982 ) . Howeve r ,  the s i gn i f i cance and the nat u re of the 
as soci at i on between the ri ft and the bas i n  i s  at the p resent t i me 
specu l ati ve. Th roughout most of the 350 mi l l i on yea r h i story of subs i dence i n  
the I l l i noi s Bas i n ,  the appa rent depocenter was s i tu ated near the i nters ect i on 
of the Reel foot Ri ft ,  the Rou gh Creek Gra ben , and the geophys i cal ly 
defi ned Southern I ndi ana and St . Lou i s  arms of the New Mad rid R i ft Comp l ex .  
The pri ma ry obj ect i ves of  the  I l l i n oi s Bas i n u l t radeep dri l l h ol e ( I BUD) 
sci enti fi c  p rog ram a re to i n vest i gate the natu re and st ructu re of 
app roxi mat ely 3000 meters ( 10 ,000 feet) of p revi ou s ly  unsamp l ed ri ft -fi l l  
rocks bel ow the I l l i n oi s Bas i n ,  study the cha racter of the basement rocks that 
u nderl i e  the ri ft ,  and p rovi de data to hel p const ru ct a detai l ed thermal and 
subs i dence h i story of the bas i n  and the p reced i ng ri ft . The exi stence of 
these ri ft- rel ated sed i ments beneath the I l l i noi s Bas i n  has recent ly been 
confi rmed i n  the Ree l foot R i ft a rea by sei smi c refract i on ( Mooney et a l , 1983 ; 
Gi nsburg et al , 1983 ) and refl ect i on ( McKeown , 1984 ) studi es as wel l as by 
d ri l l i ng ( Den i s on , 1984) , i n  the Waba sh Val l ey a rea by refl ecti on profi l i ng 
( Sexton et a l , 1986 ) , and i n  the Rough Creek Graben f rom gravi ty mode l i ng 
( Sode rbe rg and Kel l e r ,  1981 ) and p rop ri eta ry refl ect i on data . Th i s  
i nformat i on wi l l  establ i s h i mportant cons t rai nts on the ori g i n  of the ba si n 
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and as such will be useful for testing the nu111erous theories that have been 
proposed to explain intracratonic, platform basins (Bally, 1980). 
The IBUO will also provide critical geophysical parameters that 
heretofore could only be estimated from data collected at the surface or in 
shallower drillholes. Pararieters such as density, magnetic polarization, 
seisriic velocity, electrical resistivity, and thermal conductivity will be 
deterriined at depths and from lithologies currently not available. These 
physical properties will play an important role in more precise modeling and 
interpretation of geophysical data. 
The New Madrid Rift Complex, particularly the Reelfoot Rift, which lies 
along the axis of the northern Mississippi Embayment, has historically been 
the most active seismic region east of the Cordillera. In the winter of 1811-
1812, a sequence of at least three major earthquakes occurred in .the Reel foot 
Rift. A repeat of such events today would cause damage in the hundreds of 
millions of dollars and loss of lives in the thousands. Seismologists agree 
that this region continues to represent a considerable threat to the country 
and one where there are significant gaps in our understanding of mechanisms 
and causes of the earthquake activity. The IBUD experiments will address 
those gaps by providing basic knowledge of earthquakes and their relation to 
the rift corriplex and in permitting in situ stress measurements in a 
seis111ically critical region at various depths, including depths at which 111any 
earthquakes occur. 
Development of the Drilling Plan 
In the mid-1970s the U.S. Geological Survey (USGS) and the U.S. Nuclear 
Regulatory Commission (NRC) initiated intensive seismo-tectonic research 
related to the earthquake hazards in the region of the New Madrid, Missouri. 
The USGS conducted numerous surface and suhsurface studies, including shallow 
drilling, as well as intensive seismic and potential field investigations in 
the New Madrid region (McKeown and Pakiser, 1982). This work, sparked hy 
potential-field data and corroborated by seismic reflection data, led to the 
identification of a late Precaribrian-early Cambrian rift by Hildenbrand et al. 
( 1977), as previously suggesterl by Ervin and McGinnis ( 1975). 
During the same period, the NRC established a seismo-tectonic research 
consortium of central midcontinent university and state survey researchers 
(Buschhach, 1986). The studies by this consortium were wide-ranging in 
scope, discipline, anrl geographic area; but a major emphasis was placed on the 
�orthern extension of the New Madrid Seismic Zone across the 38th Parallel 
Lineament and into the Wabash Valley Fault zone of southern Illinois and 
Indiana. These and related studies provided evidence of the Reelfoot Rift 
(Mississippi Valley Graben) in western Kentucky and southern Illinois and a 
connecting easterly arm--the Rough Creek Graben (Moorman Syncline)--in western 
Kentucky (Soderherg and Keller, 1981; Schwalb, 1982; Hildenbrand and Keller, 
1983). These grabens were interpreted from gravity, magnetic, and seismic 
reflection data and were corroborated by petroleum exploration drillholes that 
bottorried in deep, grahen-filling sedimentary rock sections (Schwalb, 1982). 
Related geophysical studies (Braile et al., 1982; Sexton et al., 1986) 
indicated two other arms of the New Madrid Rift Co111plex--one arm reaching 
northeastward into southern Indiana and another arm extending northwestward 
along the Mississippi River. The intersection of the four arms of the rift 
complex was designated the Hub site; it underlies the depocenter of the 
Illinois Rasin. 
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Recognition of the significance of the relationship between the late 
Precambrian-early Cambrian rift complex to the Illinois Basin encouraged the 
Illinois State Geological Survey to propose an ultradeep drillhole into the 
Illinois Basin and underlying rift to provide continuous core from the 
sedimentary section and sample basement rocks below the rift. This proposal 
in 1985 led to a workshop to elucidate the primary and secondary scientific 
objectives of the drilling and to prioritize potential drilling sites. This 
workshop, held in April 1986, resulted in the preparation of a preliminary 
Plan for Science and this proposal for Hub site definition and site selection. 
Study Area 
The New Madrid Rift Complex presents an ideal target for ultradeep 
scientific drilling into the craton because it has had a profound effect 
either directly or indirectly upon the tectonic history of the midcontinent 
from late Precambrian time to the present (Kane et al., 1981, Keller et al., 
1983, and Braile et al., 1986). The location, lithologic character of the 
related sedimentary and igneous rocks, and the structural attributes of the 
rift complex are currently known only from geophysical data and a few widely 
spaced drillholes, none of which penetrate the layered rocks of the rift or 
basement rocks below the rift. The scientific merits of ultradeep drilling 
into four general areas of the rift complex were considered during the April 
1986 workshop (fig. 1). Although each of these areas offers particular 
scientific advantages, it was the unanimous decision of all disciplines 
represented at the workshop that the optimum site for ultradeep drilling is at 
the coincident hub of the New Madrid Rift complex at or near the depocenter of 
the Illinois Basin. 
The 11Hub11 area, as shown in figure 1, is a square region 100 kilometers 
(62 miles) on a side centered near the town of Saline Mines in southeastern 
Gallatin County, Illinois. The area includes portions of southeastern 
Illinois, western Kentucky, and southwestern Indiana. This site includes a 
host of pertinent geological and geophysical features in addition to the 
intersection of the four postulated arms of the rift complex. Available 
geophysical data indicate that the basement lies at a depth in excess of 7 
kilometers (23,000 feet) near the intersection of the Reelfoot Rift and the 
Rough Creek Graben. The lower 3000 meters (10, 000 feet) of this section has 
never been drilled. 
Objectives of Site Definition 
Current geologic knowledge of the New Madrid Rift Complex and the deeper 
portions of the Illinois Basin are known mainly from regional potential field 
data, proprietary seismic reflection profiles, and a few scattered drillholes 
that do not penetrate the entire section. As a result, inte�pretations �f the 
nature of these rocks and related tectonic models are regional in type and 
poorly constrained hy integration of varying types of data from different 
sources. Although independent geophysical and geologic interpretations agree 
on the general location of the intersection of the Reelfoot Rift and the Rough 
Creek Graben and the approximate depth of the hasement, the highly detailed 
data regarding lithologic units and their structure that are required for 
optimally locating the hole for scientific purposes is not available. 
Furthermore, the regional geologic framework of the crust affected by rifting 
needs to be established in order to hypothesize tectonic models for the rift 









Figure 1 .  Hub site and other sites recommended by IBUD Workshop. 
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The s i t e  defi n i t i on phase of the ! BUD project wi l l  have two pri ma ry 
goal s .  Fi rst , the i nvest i gat i on wi l l  i n vol ve cha racter i zat i on of the c ru st to 
establ i s h the cru stal f ramework of the Hub reg i o n .  Data from the sedi ment ary 
and c rysta l l i ne basement rocks  wi l l  del i mi t  the gene ral l oca l i ty for t he !BUD 
and wi l l  p rovi de the regi onal  backg round or framework for i nterp ret i ng the 
resu l ts of d ri l l i ng ,  then devel opi ng  and test i ng tectoni c model s .  Second , the 
study wi l l  i ntens i vely i nvesti gate the l ocal i ty sel ected for the dri l l i ng 
duri ng the i n i t i al phas e .  Based on the resu l ts of t he regi onal i n ves t i gat i o n ,  
the second phase wi l l  focu s on defi n i t i on of a dri l l  s i te t o  accomp l i s h  the 
p ri ma ry obj ect i ve of the ! BUD and as many rel ated obj ect i ves as possi b l e .  The 
second phase of s i te defi n i t i on wi l l  focus  on maxi mi z i ng the sci ent i f i c  
resu l ts from dri l l i ng and defi n i ng obstacl es to comp l et i on of the hol e s o  that 
they mi ght be avoi ded . 
The f i rst phase extend i ng ove r a 12-month peri od wi l l  i nvo l ve ( 1 )  t he 
acqu i s i t i on and analys i s  of regi onal refl ecti on and deep c ru stal  sei smi c ,  
gravi ty ,  magnet i c ,  and magnetotel l u ri c data , and ( 2 )  the synt hes i s  of al l 
avai l abl e geol ogi c i nformat i on .  A geol og i c  model f rom t he upper mant l e  to the 
su rface wi l l  be devel oped th rough an i t erat i ve p rocess  wi t h  i ncrea s i n g  
p rec i si on and resol ut i on towa rd t he su rface and the center of t h e  Hub a rea.  
Detai l ed ref l ect i on sei smi c ,  gravi ty , magnet i c ,  and magnetotel l u ri c geol ogi c 
studi es over the second 12-month peri od wi l l  p rov i de a detai l ed geol ogi c model 
to a depth of app rox i mately 15 k i l ometers ( 9  mi l es ) .  An app rox i mat ely 15 by 
15 k i l ometer regi on ( 9  by 9 mi l es )  wi l l  be i dent i fi ed as the opt i mum a rea for 
second phase stud i es .  P repa rat i on of the detai l ed model  of the !BUD s i t e  wi l l  
necessari ly i nvol ve cl ose coordi nat i on and i ntegrat i on of dat a .  The 
res u l tant , detai l ed model shou l d  permi t pred i ct i on of the geol ogy to be 
encountered by u l t radeep dri l l i ng anywhere wi th i n the 15 by 15 k i l ometer ( 9  by 
9 mi l es )  s u rvey area . 
Organ i zat i on P l an 
To ach i eve the goa l s  of the s i te defi n i t i on phase of the !BUD project i n  
a t i mely and cost-effect i ve man ner requ i res an organ i zati on wi th bui l t- i n  
check s and bal ances and effi ci ent commu ni cat i on both among  the vari ous 
i n vest i gat i ve teams and between these teams and the ! BUD management . A f i ve­
man S ite  Defi ni t i on Steeri ng  Commi ttee wi l l  prov i de l i ason between the ! BUD 
management , !BUD sci ent i fi c  advi sory commi ttee , and t he i nvesti gat i ve teams . 
The S ite  Defi n i t i on Steeri ng  Commi ttee wi l l  be respon s i bl e for the resu l t  of 
the sci ent i fi c phase of the ! BUD proj ect . The commi ttee wi l l  en s u re that the 
teams i nteg rat e the i nterp retat i ons  of other !BUD Workshop Work i ng G rou ps i nto 
thei r i nterp retati ons and , wi th t he ai d of an external  S i te Defi n i t i on 
Advi sory Commi ttee , wi l l  mon i tor  al l el ements of the studi es from pl a n n i ng to 
i nterpretat i on .  
The acqu i s i t i on and i nterp retat i on wi l l  be ca rri ed out by crustal 
sei smi c ,  sei smi c refl ect i on g rav i ty ,  magneti c ,  magnetotel l u ri c ,  and geol ogy 
teams under a chai rman The teams wi l l  prepare repo rt s  i n  a t i mely  manner  for 
publ i cat i on i n  j ou rnal s as wel l  as for p resentati on to a S i te Sel ect i on 
Panel . A work shop wi l l  be hel d by the S ite  Sel ect i on Panel , wh i ch wi l l  
i ncl ude the S i te Defi n i t i on Commi ttee . The Panel wi l l  be respon s i b l e for 
recommend i ng  a dri l l i ng s i te to the !BUD management . Fol l owi ng peer revi ew by 
the ! BUD Sci ent i fi c Advi sory Commi ttee as wel l as the l and acqu i s i t i on and 
techn i cal  eval uat i ons , the ! BUD management wi l l  recommend the !BUD s ite  and 
poss i b l e  a l ternat i ve s i tes to the DOSECC-Sci ent i fi c  Ad vi sory Committee.  
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The IBUD site definition administration and management are discussed 
below under Administrative Structure and Management Plan. 
OVERV IEW OF SCIENC E  PLAN 
The key objective or experiment of the IBUD is to test the hypothesis 
that the Illinois Basin is genetically related to the underlying rift system, 
thus providing constraints on the theories of origin of intracratonic basins. 
The Illinois Basin is an intracratonic basin associated with a complex, 
reactivated Cambrian and, possibly, older rift zone. Through most of 350 
million years of subsidence, the depocenter of the Illinois Basin was situated 
near or above the intersection of the Reelfoot Rift, the Rough Creek Graben 
and the postulated southern Indiana and St. Louis arms of the New Madrid Rift 
Complex (fig. 2). To the best of our knowledge, nowhere else in the United 
States can an ultradeep drillhole penetrate a spatially and temporally 
continuous column of stratified rocks and fluids from an overlying sag basin 
to and through an underlying rift basin. Braile et al. (1986) have presented 
a model for the interaction between the North American craton and adjacent 
plates and the resulting effect on the geologic activity of the New Madrid 
Rift Complex since late Precambrian time (fig. 3). 
Information concerning crustal structure of the midcontinent region, 
obtained primarily from regional geophysical studies, has confirmed the 
existence and reactivation of the ancient rift system and suggests the manner 
in which future geological and geophysical studies should proceed in order to 
understand intracratonic basin-forming processes. The geophysical data to be 
acquired downhole and physical measurements on core will facilitate 
recalibration and reinterpretation of the body of midcontinent data acquired 
to date, thus improving and extending existing interpretations. 
The focus of the IBUD scientific experiment is to study the 3000 meters 
(10,000 feet) of largely unsampled Phanerozoic sedimentary rocks in the rift 
basin below the sag basin in order to obtain a more complete thermal and 
subsidence history of the Illinois Basin. The thermal history will be 
addressed by independent, complementary methods including fission track and 
radiometric dating, maturation temperatures of organic matter, clay and other 
mineralogic phase chages, and fluid inclusion temperatures from sedimentary 
and basement rocks. A detailed and complete subsidence history will be 
available for the first time from a sag-rift transition. The IBUD drilled to 
a depth of roughly 9 kilometers (30,000 feet) will provide the maximum amount 
of data available to investigate the origin of the rift-related intracratonic 
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Figure 2. New Madrid Rift Complex and midcontinent
 tectonic setting (modified from Braile et 
al., 1 984). 
A 
LATE PRECAMBRIA N - INCIPIENT\RIFITING, 
FORMATION OF TRIPLE JUNCTIONS 
Figure 3. Schematic diagrams illustrating the plate reconstruction of the North American craton 
and interactions with adjacent plates and geologic activity of the New Madrid Rift Complex 
(after Braile et al. , 1 984). 
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In addition to this primary objective, an ultradeep hole in the Hub area 
will have related scientific objectives: 
- Drill through the rift-bounding fault within the pre-Phanerozoic 
basement, thus increasing the possibility of intersecting contrasting 
basement rocks. 
Locate potential field and possibly, seismic anomalies that will define 
a drillable basement pluton, in order to provide additional age 
constraints on rifting and reactivation. 
- Intersect deep intrabasement seismic reflectors, if reflectors similar 
to those observed north of the Shawneetown Fault exist south of the 
fault. 
- Determine the presence or absence and thickness, if present, of the 
1420 to 1500 Ma anorogenic felsic terrane and the presence or absence 
of the underlying Central Plains Province or older 1700 to 1900 Ma 
crust as inferred by Nd-Sm signatures. 
- Determine the physical state of the upper crust at a depth approaching 
the level of some regional earthquake foci near the transition or 
dogleg from the northeast trending Reelfoot Rift and the east-trending 
Rough Creek Graben in a region that experiences some 200 earthquakes 
per year. 
- Determine the nature and alteration of the sedimentary rocks in the 
deeper part of the Illinois Basin as juxtaposed to equivalent basin 
margin sedimentary rocks and a complete sedimentary and diagenetic 
history of a sag-rift sequence in an intracratonic basin. The 
objective is to utilize complete carbonate and elastic depositional and 
diagenetic histories to identify paleoclimatic, paleogeographic and 
paleoenvironmental events for correlation with global intracratonic and 
pelagic events includng periodicity of anoxic events, global 
sedimentary cycles, and sea-level fluctuations. 
- Construct a continuous, shallow crustal fluid profile to compare with 
the largely fragmentary data from fluids arriving at basin margins and 
from water and deeper oil wells; and determine the age and composition 
of waters in the rift and basement environment, the rock-water inter­
actions that alter deep fluid compositions, and the source of Illinois 
Basin brines � ultrafiltration or dissolution of evaporites. Deep 
fluids play a major role in the chemical and isotopic evolution of 
shallower sediment-hosted waters and also provide constraints on 
understanding the evolution of the Illinois sag and rift basin. 
THE STUDY AREA 
Justification of the Hub Site 
Immediately preceding the !BUD Workshop in April 1986 , the Geophysics 
Committee met to review the status of geophysical studies of the New Madrid 
Rift Complex and the Illinois Basin including crustal geology interpretations 
derived from these studies and related geologic information. The committee 
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had access to published and on-going research by federal and state agencies 
and university researchers, and also to proprietary seismic reflection 
profiling by three independent organizations. Examples of the geologic 
structure of the Rough Creek Graben as indicated by seismic reflection 
profiling is illustrated in fig. 4 ;  no geographic location is specified to 
preserve the confidentiality of these data. After reviewing the available 
data, the committee selected four general areas for drilling into the New 
Madrid Rift Complex and prioritized these sites. The sites as shown in fig. 1 
are in order of priority the Huh, the Wabash Valley, the Rough Creek Graben, 
and Reelfoot Rift areas. These sites were presented to all working groups at 
the workshop. All committees supported the Huh site as the highest priority 
drilling region. 
The Hub site was selected because it is the coincident position of the 
intersection of the four postulated arms of the New Madrid Rift Complex and 
the apparent depocenter of the Illinois Basin (fig. 2) . The thickest section 
of Paleozoic rocks in the Illinois Basin is probably located within the Hub 
site. Proprietary seismic reflection data and puhlished gravity (figs. 5 and 
6) anrl magnetic (figs. 7 and 8) anomaly data near the intersection of the 
Rough Creek Graben and the Reelfoot Rift indicate a total thickness of 
stratified rocks in excess of 7 kilometers ( 23 ,000 feet). The lower 3000 
meters ( 1 0 , 000 feet) or more of the graben-fill have not been sampled. A 
knowledge of these rocks and the nature of the structure in this region are 
required for the study and understanding of the rifting process and its 
relationship to the formation of the Illinois Basin. 
Additional factors recommend a high priority be placed on the Huh site as 
the IBUD drill site. The proposed location is a major geophysical lineament 
prominent in the magnetic anomaly data (figs. 7 and 8). It extends for 
hundreds of kilometers (Hildenbrand et al., 1980 ; Ravat, 1984 ) from eastern 
Tennessee to southern Illinois and is called the Tennessee- Illinois-Kentucky 
lineament. As a large positive magnetic anomaly trending northwest-southeast 
across Illinois, the lineament has exceedingly steep gradients on its 
southwestern flank. The intrahasement geologic source of this anomaly may be 
attainable hy the IBUD within the crystalline basement. A localized magnetic 
high on the lineament (fig. 7) represents a marginal mafic intrusive similar 
to those that have been used to outline the New Madrid Rift Complex 
(Hildenbrand et al., 1977 ; Braile et al., 1982) . Drilling the IRUD to a depth 
of the source of this magnetic anomaly would provide valuable samples for 
determining the nature and age of the intrusive and of rifting. The 
possibility of drilling an intrusive emplaced within the rift margin and the 
rift-hounding structure within basement in the same hole is a goal that will 
be evaluated. 
A large portion of the relatively aseismic Fluorspar Area Faulted Complex 
(fig. 9) of southeastern Illinois and western Kentucky lies �ithin the Hub 
area. The aseismicity of the Fluorspar Area Faulted Complex is interesting 
because this area separates the seismically active New Madrid Seismic Zone 
from the less active Wabash Valley Fault System area. 
Alternate Drilling Sites 
The three other areas considered for the site of the IBUD (fig. 1) are in 
order of priority: the Wabash Valley, the Rough Creek Graben, and the 
Reelfoot Rift areas. The Wabash Valley area is particularly interesting 
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Figure 4 Seismic reflection profile across Rough Creek Graben. 
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Figure 5. Bouguer g·ravity anomaly map of the centrafmidcontinent-region, North America (modified from Keller et aL, 1 980). 
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Figure 7. Aeromagnetic map of central midcontinent region, North America (modified from Johnson et al. ,  1 980). 
86° 
86° 
92° 91° 90° 89° 88° 87° 
,....,""""" __ � __ ..., ______ ,.... ..,.._.�..,..,.. ... �-------+---����40° 
37 
360-+-__ ...... ____ �....;;;;;;... __ ""'�l--�l.....----�.J-�--...i.....---'----..... �36° 
92° 91 0 900 990 88° 87° 
���l�Jllii ���lliu:��� ;.goo nT 
Figure 8. Upward continued, reduced-to-pole composite magnetic anomaly map of 





fault; ticks on downthrown side 
crypto-explosive or impact structure 
o 30 60 mi f--- ----',.- .... ----'; O 50 100 km 
Structural features of the I llinois Basin and adjacent areas. (Nelson, 1 986)'. 
24 
becau se i t  would sample the pre-Mt . Si mon coherent reflect i ng events mapped by 
Sexton et al. ( 1986} and i nterpreted as g raben-fi ll strat i fi ed rocks wi thi n 
the Southern I nd i ana  a rm of the New Mad ri d Ri ft Complex . To thi s date there 
is no d i rect i nformat i on on the nat u re of the p re-Mt . S imon sed i mentary rocks 
i n  thi s regi on except for a d r i llhole i n  Lawrence Cou nty , Indi ana ,  that 
encou nte red bas alt and red elast i c  sed i ment a ry rocks ( Ke rst i n g ,  1982) , whi ch 
a re s imi la r  to rocks  occu r ri ng i n  the Keweenawa n Mi dcon t i nent Ri ft Sys tem of 
northern Mi chi gan , Wi scons i n  and Mi nnesot a .  An ult radeep d ri llhole in the 
Wabash Valley could determi ne the cause of the rema rkably cohe rent basement 
reflect i ons that appear on reg i onal prop ri eta ry sei smi c p rofi les i n  the 
a rea . Thes e  reflect ors d i p t o  the north f rol"l southe rn Illi no i s  and cont i nue 
to depths in  excess of 4 seconds of two-way t ravel t i me . 
The eastern Rough Creek Graben s i te li es south of the Rough Creek Fault 
System wi thi n the g rahen east of the Hub a rea i n  west-cent ral Kentucky . The 
pr i nci pal object i ve of thi s hole would be to p rovi de a cont i nuous rock co re 
for sci ent i fi c  study obtai ned i n  port i on of the g raben whi ch has less  
s t ructu ral complex i ty than present in  the Hu b a rea . 
The Reelfoot Ri ft a rea near New Mad ri d ,  Mi ssouri , i s  cente red on the 
relat i vely short northwest-southeast segment of the New Mad ri d  Sei smi c Zone 
and is cha racteri zed by hi gh sei smi c i ty .  The sei smi c i ty of thi s  zone is not 
as soci ated wi th ri ght-late ral focal mechani sms as commonly obse rved i n  the New 
Mad rid a rea , but rather wi th sli p page on hi gh-angle reverse faults . The 
maj o r ,  no rtheast-t rendi ng  p a rt of the zone i nvolves r i ght-lateral wrench 
fault i ng .  St ress measu rements i n  thi s hole would be parti cula rly i nterest i n g .  
The hole could als o sample the Bloomfi eld pluton , one o f  the maj or ma rgi nal 
i nt ru s i ves of the ri ft complex ( H i ldenb rand et al. , 1977 )  and answer the maj or 
questi on of the geologi c hi sto ry of the New Mad r i d  Ri ft Complex , i . e .  the age 
and ori g i n  of ri ft-marg i n  plutons . 
Regi onal Basement Geology 
The ma i n  deep st ruct u re at and nea r the basement su rface i n  the Illi noi s 
Bas i n  i s  the New Mad rid  R i ft Complex (fi g .  2 ) . The ri ft complex i s  outli ned 
by b road g ravi ty and magnet i c  anomali es on whi ch are superi mposed a seri es of 
hi gh-ampli tude , ci rcular g rav i ty and magnet i c  hi ghs that form a li near a rray 
( Br a i le et al . , 1982) . The r i ft complex has been the s i t e of complex 
faulti n g ,  depos i t i on ,  eros i on ,  mafi c i gneous i nt rus i on ,  and mi ne rali zat i on 
du ri ng the Phanerozo i c . Regi onal geophysi cal map s  (Hi ldenbrand et al. , 1977 ) ; 
Johnson et al . ,  1980 ; Keller et al . , 1980) and spa rse deep d ri lli ng suggest 
that maf i c i gneou s rock s are nei ther wi des pread nor  volum i nou s  i n  the ri ft 
complex , but that the s i te i s  i n stead fi lled mai nly wi th ri ft-related 
sed i ment a ry rock s .  
Seventeen deep wells have been dr illed i nto the ri ft complex (f i g .  10) . 
Of these ,  ten have penet rated Mt . S imon ( Upper Cambri an )  or p re-Mt . S imon 
felds pathi c sed i mentary rock s and two have encou ntered ophi t i c  bas alts of 
uncertai n age ( table I I ) . It i s  apparent from this  d i stri buti on that these 
basalts , the p re-Mt . Si mon sedi mentary rock s ,  and pos s i bly the Mt . Si mon 
sed i mentary rocks a re p reserved i n  thi s anci ent ri ft complex and help 
deli neate i t .  
The ri ft complex developed on an older Precamb ri an  basement that i s  pa rt 
of an extens i ve anorogeni c  fels i c  i gneous provi nce , occupyi ng most of the 
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cent ra l craton of the Uni ted States south of the Canad i an Shi el d .  Thi s  
p rovi nce , genera l ly referred to as the g ran i te - rhyol i te te rrane ,  con s i sts of 
ano rogeni c epi zonal  grani tes and rhyol i tes whi ch formed 1 , 340 to 1 , 400 Ma and 
1 ,480 Ma ( Bi ck ford et a l . ,  1986 ) . Rocks of thi s te rrane a re exposed in the 
nea rby St . Francoi s Mou ntai ns and occu r i n  the subsu rface of the I l l i noi s 
Bas i n .  F i gu re 10 shows that 1 1  d ri l l  hol es penet rated g ran i te or rhyo l i te of 
thi s terrane north of the ri ft compl ex i n  I l l i noi s and one penet rated rhyol i t e  
south of the compl ex i n  Ten nes see ( Hol e 21 ) . 
Othe r basement rocks that are not part of the grani te- rhyol i te terrane 
a re a l so p robably p resent i n  the basement beneath the I l l i n oi s Bas i n .  An 
examp l e  i s  the grani te gnei ss recently dri l l ed a l ong the Pascol a Arch i n  
Mi s s i ss i ppi  Cou nty , Arkans as , Hol e 24 ( fi g .  10 and tab l e  I I ) . Thi s  gnei ss i s  
of unknown age and i s  di sti nct ly  di fferent from the anorogeni c grani tes 
( Deni son , 1984 ) . It may be pa rt of an ol der orogen i c  su i te .  S im i l ar rocks 
occu r i n  northern Mi ssou ri , Kansas , Nebraska , and Col orado , and a re part of 
the east-t rendi ng Cent ral Pl ai ns O rogen ( S i ms a nd Peterman ,  1986 ) . Thi s 
1 ,600- to 1 ,800-Ma orogen appa rent ly t ru ncates the ol der no rthwes t-t rendi ng  
T rans-Hudson Orogen in  no rthe rn Nebraska or southe rn South Dakota ( Bi ckford et 
al . ,  1986 ) . Recent analys i s  of regi onal  magnet i c  and gravi ty anoma ly  and 
deri vat i ve maps ( e . g .  L i d i ak et a l . ,  1985 ) , i nd i cate that northwest- and west­
no rthwest-t rendi ng  anoma l i es extend from the Dakotas and Nebras ka south­
eastwa rd through the I l l i noi s Basi n .  These broad anomal i es a re appa rent ly  
u n rel ated to the grani te- rhyol i te terrane . and  may refl ect the extens i on of  
the ol d orogens i nto southe rn and east-cent ral U n i ted States . I f  thi s  i s  
correct , they rep resent the basement on whi ch the gran i te- rhyol i te terrane 
fo rmed . The Nd-Sm s i gnatu re of the anorogen i c  grani tes and rhyo l i tes i s  
con s i stent wi th thi s i nterp ret at i on ,  i nd i cat i ng thei r deri vat i on from 1 , 700 to 
1 , 900 Ma crustal  rocks ( Nel son and DePaol o ,  1985 ) . 
Recent sei smi c refl ect i on data from Sexton , et al . ( 1986 ) and unpubl i shed 
data from Uni ted Sei smi c Data B rokers , I nc . ,  show st rong sub-hori zontal 
ref l ect i ons wi thi n the basement comp l ex north of the Rough Creek Fau l t  Zone 
and the Hub s i t e .  The refl ectors d i p  towa rd the north and a re under l a i n  by 
sei smi cal ly  mo re t ransparent materi a l . The presence of gra n i tes and rhyol i tes 
i n  the nearby basement of th is  regi on ( fi g .  10 ) su ggests that the sei smi c 
ref l ect i ons  rep resent l aye ri ng wi thi n the anorogeni c bas ement comp l ex .  
Fu rthe rmore , thi s l aye red sequence p robably rep resents a veneer of epi zonal  
rocks  overly i ng an ol der  Precamb ri an basement comp l ex .  In summa ry , the 
basement geol ogy of the southe rn I l l i noi s Bas i n  cons i sts of an anci ent ri ft 
compl ex devel oped at and nea r  the basement su rface , whi ch may have deve l oped 
on a l aye red sequence of anorogen i c  g rani tes and rhyol i tes ,  and whi ch, i n  
t u rn ,  may overl i e  an ol der P recamb ri an  bas ement compl ex .  
Reg i onal Geol ogy of  the Ill i noi s Bas i n  
The I l l i noi s Bas i n  i s  a roughl y el l i pti cal sed i mentary bas i n  of Pa l eozoi c 
age ( fi g .  1 1 ) . It cove rs the southern three-fou rths of I l l i noi s ,  southwestern 
I ndi ana , and part of western Kentucky . It  i s  bordered by broad a rches and 
domes on the north,  eas t ,  and west ( fi g .  9 ) . The southern l i m it  is defi ned by 
the tru ncated Pas col a Arch , whi ch i s  bu ri ed beneath Cretaceous and Cenozoi c 
sedi mentary rocks of the Mi ss i ss i ppi  Embayment . 
The I l l i noi s Bas i n  was d i v i ded i nto two uneq u al sub-bas i ns by post­
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Fai rf i e l d  Bas i n ,  l i es north of the fau l t  system p ri ma ri l y  wi thi n I l l i noi s .  
The na rrow, deep Moorman Sync l i ne occu rs south of the fau l t  system and 
coi nci des wi th the anci ent Rou gh Creek Graben . 
The Reel foot and Rough C reek G rabens we re formed by ten s i onal movements 
near the end of Precamb ri an t ime .  Both the northeast-t rend i ng Reel foot Ri ft 
and the east-t rendi ng Rou gh C reek G raben are bordered by normal fau l ts wi th 
throws of up to several thou sand meters . Thes e fau l ts a re wel l i l l ust rated on 
p ropri eta ry and non-prop ri et a ry sei smi c refl ect i on p rofi l es ( Howe and 
Thompson , 1984 ; Nel son and Lumm , 1984 ) . The st rat i g raphy i nterp reted on the 
north-south sei smi c l i ne ( fi g . 4) i s  typ i cal of the Moorman Trou gh . As 
i ndi cated by several wel l -defi ned refl ectors , the strat i graphi c i nterva l s down 
to the base of the Knox Megag roup a re rather un i form i n  thi ckness . D i sconti n­
uous sei smi c ref l ectors on the northeastern part of the l i ne rep resent the 
Rough C reek Fau l t  System .  The i nterp retat i on of p re-Knox st rat i g raphy shows 
an asymmet ri c graben whose  fl oo r i s  ti l ted to the north and with a hi nge zone 
to the south.  The sei smi c  data suggest that the graben has about 7 k i l ometers 
( 23 , 000 feet ) of sedi mentary fi l l  rep resent i n g up  to 3 k i l omet ers ( 1 0 ,000 
feet ) of l aye red rocks beneath the I l l i no i s  Bas i n succes s i on that has been 
dri l l ed to date .  Thes e  st rat a  a re bel i eved to be l a rgely el ast i c  sed i mentary 
rock s ,  but may i ncl ude l ayered vol can i c  and/or i nt rus i ve rock s . They rep re­
sent the act i ve graben-fi l l i ng stage ; fau l ts i n  the grabens were act i ve whi l e  
these rocks  we re bei ng depos i ted or emp l aced . Younger Phanerozoi c a l k a l i c  and 
u l t ramaf i c  i nt rus i ve rocks  are al so p resent i n  mi nor amou nts Withi n the ri ft 
comp l ex .  These i nc l ude a l noi tes , l amp rophy res,  k i mberl i tes ,  mi ca peri odi tes , 
and ca rbonat i tes . They apparent ly  were emp l aced du ri ng Ordov i ci a n , Devon i an ,  
and Permi an t i mes ( Zartman et a l . ,  1967 ; B i kerman et a l . ,  1982 ) . 
The ol dest sedi ment a ry format i on out s i de the grabens i n  the I l l i noi s 
Bas i n  i s  the upper Camb ri an Mt . S i mon Sandstone .  The Mt . S i mon was depos i ted 
duri ng  a major  ma ri ne trans gres s i on and overl i es a Precamb ri an su rface wi th 
300 to 400 ( 900 to 1200 feet ) rel i ef .  Acti v i ty on the graben-boundi ng fau l ts 
d i ed out du ri ng  Mt . S imon t i me ,  but the Hub area cont i nued to subs i de 
rapi d l y .  The E au C l a i re/Bonnete rre Format i on ,  above the Mt . S i mon ,  i s  a 
rel ati vel y  thi n ,  shal l ow-water carbonate uni t outs i de of the grabens , but 
i nc l udes thi ck sha l es i n  the Hub a rea . The overl y i ng Knox Megag roup 
( uppermost Cambri an and l ower Ordovi ci an ) al so thi ckens ma rked ly  i nto the 
grabens , but i s  domi nantly a shal l ow mari ne depos i t  throughout i ts extent . 
The i nfl uence of the bu ri ed grabens gradual l y  waned through mi dd l e  
Ordovici an t i me .  The I l l i no i s  Bas i n  l acked a wel l -def i ned depocenter i n  l ate 
Ordovi ci an and Si l u ri an t ime .  By early Devon i an t i me the Hub area once aga i n 
became the s i te of rel at i vely rap i d  subs i dence and thi ck sedi mentat i on . The 
bas i n that devel oped was fi l l ed wi th Lower Devon i an cherty ca rbon ates , M i ddl e 
Devoni an l i mestone , Upper Devon i an b l ack sha l e  ( New Al bany ) , l ower 
Mi s s i s s i pp i an s i l tstone and s i l i ceou s l i mestone ( Bo rden and Ft . Payn e ) , and 
fi na l ly  mi ddl e Mi s s i s s i pp i an ca rbonates ( U l l i n , Sa l em , St . Lou i s ,  and Ste .  
Genevi eve ) . Chesteri an ( l ate  Mi s s i s s i pp i an )  sed i mentat i on took p l ace on a 
nearly l evel coastal p l ai n  and she l f t i l ted gent ly towa rd the southwest . 
After  a hi atus  and devel opment of a bas i n-wi de uncon formi ty , Pennsyl van i an 
depos i ti on resumed under s i mi l ar condi ti ons . Southe rn c l osu re of the bas i n  
was effected some t i me afte r mi ddl e Pennsyl van i an t ime by up l i ft of the 
Pasco l a arch . The c rest of th i s  arch, i n  southeaste rnmost Mi ssou ri , was l ater 
eroded and bu ri ed under sedi ments of the Mi s s i ss i pp i  Embayment . 
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St rat i g raphy and St ru ctu re of the Hub Si te  
The strat i g raph i c  succes s i on for t he Hub  a rea is  p resented in  fi gu re 
12 . Th i s  succes s i on resembl es . that fo r the I l l i noi s Bas i n  as a whol e ,  except 
for the p re-Mt . S i mon g raben-fi l l  sequen ce and the over-t h i ckened uppe r 
Cambri an-l owe r Ordovi ci an strat a .  Maj or fau l t  zones and oth e r  struct u ra l  
featu res of the  Hub reg i on a re shown i n  fi gu re 9 .  These st ructu res a re 
l a rgely the p roduct of post-Pennsyl van i an  react i vat i on of fau l t s  dat i ng from 
the g raben-formi ng epi sode .  
The  Rou gh Creek Fau l t  System ,  a focus of  the  I BUD p roj ect , fol l ows the 
northern boundary of the Rough C reek G raben and Moorman Syncl i ne .  At Knox and 
h i gher l evel s the ma i n  fau l t  is a reve rse fau l t  di pp i ng steeply to the south 
( fi g . 13) .  St rata north of the mai n  fau l t  a re nearly hor i zontal ; on the s outh 
they are sha rp ly a rched and broken by many fau l t s  that appa rently jo i n the 
ma i n  fau l t  at depth . L i tt l e  net vert i cal d i sp l acement exi sts across the fau l t  
zon e ,  but s l i ces of mu ch ol der rocks  are fou nd al ong the ma i n  fau l t .  Some 
authors , such as Heyl ( 1972) ,  su g�ested the Rough C reek i s  a wrench fau l t .  
Nel son and Lumm ( 1984) fou nd no evi dence fo r st ri k e- sl i p  mot i on and p roposed 
two oppos i te ep i s odes of d i p-s l i p  i n  post-Pennsyl vani an t ime .  The ea rl i e r  
movement was reve rs e ,  wi t h  the southern bl ock upt h rown ; the l ater  movement was 
normal , w i th the southern b l ock d ropped back down . 
The Lusk C reek Fau l t  Zone ( f i g .  9) i s  i nterpreted to fol l ow the northwest 
s i de of the Reel foot G rabe n .  It h as the same st ructu ral styl e and i nferred 
sequence of movement s as the Rough Creek , but the ma gni tude of di s p l a cement i s  
l ess ( Nel son , 1986) . 
The Penny ri l e  Fau l t  Zone ( fi g .  9) app roxi mately coi nci des wi th  the 
southern border of the Rou gh C reek Graben . Th i s  zone , whi ch has been l i tt l e  
studi ed , appears to cons i st ma i n ly of h i gh-ang l e  norma l fau l t s  downth rown to 
the no rth . D i sp l a cement s ,  both near the su rface a nd at dept h ,  a re l ess  than 
al ong the Rou gh Creek Fau l t  System . 
The Fl uors pa r  Area Fau l t  Compl ex ( f i g .  9) , w ith i n the Hub area , cons i sts  
of  h i gh-angl e fau l ts ,  mai n ly norma l , that t rend northeast and carry 
mi nera l i zed vei ns . Hi ck s  Dome , a 11crypto-expl os i ve 11 featu re ,  wit h i n  the 
F l uorspar  D i st ri ct is cha racteri zed by nume rous peri dot i te i nt ru s i ons and 
brecc i a  p i pes . Arcu ate and radi a l  fau l t s  su rround the dome ( Hook , 1984 ; 
Trace , 1974 ;  T race and Amos , 1984) . 
The Wabas h Val l ey Fau l t  System ( f i g .  9) , north  of the Rou gh C reek a nd 
F l uorspar Area fau l t i ng ,  i s  a zone of h i gh-an g l e  normal fau l ts that b ranch 
upward . It  overl i es the i n ferred Southern I ndi ana ri ft arm and pos s i bly 
rep resents react i vat i on of fau l ts associ ated wi th that ri ft ( Sexton et a l . ,  
1986) . 
The Cottage Grove Fau l t  System ( f i g .  9) t rends westward from the 
northwest corner of the Hub a c ross southern I l l i noi s .  It  is structu ral ly  
compl ex and i s  i nterp reted as a ri ght-l ateral st ri ke- sl i p  system ( Nel s on and 
Kraus se ,  1981).  
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Figure 1 2. Stratigraphic column of eastern midcontinent. 
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Figure 1 3. Hypothetical cross section of the Rough Creek Graben of western Kentucky. The thickness of pre-Knox 
sedimentary strata and the configuration of the basement and basement faults are largely unknown but would be 
defined by the proposed seismic studies. 
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RESEARCH PLAN 
I nt roduct i on 
The p roposed s i t e  def i n i t i on studi es that wi l l  defi ne the Hub area and 
the I BUD s i te form the core of thi s  p roposal . The research p l an i s  subdi v i ded 
accordi ng to  di sci p l i ne :  magnet i cs ,  gravi ty , sei smi c refl ect i on and 
refract i on ,  sei smi c strat i g raphy and magnetotel l u ri c s .  It shou l d  not be 
ass umed , howeve r ,  that the i nvest i gat i ve teams are compa rtmental i zed by 
di sci pl i ne .  The data of each d i sci p l i ne wi l l  be acqui red i ndependent l y ,  
acco rdi ng t o  the most advanced p rocedu res ; the data and i nterp retat i on s  wi l l  
be sha red among a l l teams so that fi nal  i nterpretat i ons wi l l  be const rai ned by 
al l col l ateral  i n format i on .  Thi s shari ng of res u l ts wi l l  be achi eved both at 
the work i ng l evel by personnel cooperat i ng between the i n vesti gati ve t eams and 
at the formal l eve l , by meet i n gs organ i zed by the Stee ri ng  Comm i ttee.  
P ri nci pal i n vest i gators , who wi l l  serve as chai rman or co- chai rmen of the 
i nvest i gat i ve teams , are respon s i b l e for the bas i c  i nd i v i dual  resea rch p l ans  
d i s cussed bel ow. 
The deep ( c rustal ) sei smi c refract i on and refl ect i on team wi l l  be chai red 
by D r . L . W .  B ra i l e , Pu rdue Un i ve rs i ty .  The regi onal and detai l ed sei smi c 
refl ect i on i nvesti gat i ve team wi l l  be chai red by Dr .  J .  L .  Sexton , Southern 
I l l i noi s U n i vers i ty .  The g rav i ty i nvest i gati ve team wi l l  be chai red by D r .  
Paul  C .  Hei gol d ,  I l l i noi s State Geol ogi cal  Su rvey . D r .  Thomas Hi l den b rand of 
the U . S .  Geol ogi cal Survey wi l l  chai r the magnet i c  data team . Dr. Pet er Vai l , 
Ri ce Uni vers i ty ,  wi l l  cha i r the sei smi c strat i g raphy team . The 
magnetotel l u ri c stud i es wi l l  be u nder the d i rect i on of D r. W . D .  Stan l ey ,  U . S .  
Geol ogi cal Su rvey .  The geol ogi c i nvest i gat i ve team wi l l  be co-chai red by D r .  
E . G .  L i d i ak ( basement geol ogy) o f  the Un i ve rs i ty o f  P i ttsbu rgh, a nd M r .  W . J . 
Nel son ( Pal eozoi c geol ogy) of the I l l i noi s Stat e Geo l ogi cal Su rvey .  Members 
of the i n vest i gat i ve teams a re i l l u st rated i n  F i gu re 25 . 
Geol ogi c Studi es 
Pal eozoi c Geol ogy 
Knowl edge of the Pa l eozoi c geol ogy of the Hu b s i te i s  based on mo re than 
140 yea rs of comp rehensi ve studi es by geol ogi sts from un i vers i t i es ,  state and 
U. S. geol ogi cal su rvey s ,  and pri vate compan i es .  Si nce Dav i d  Dal e  Owen ' s  
p i oneeri ng su rveys of the 1840 ' s ,  many thousands of repo rts ha ve been 
publ i shed on geol ogy of the regi on .  Among  recent not eworthy efforts ,  the U . S .  
and Kentucky Geol ogi cal Su rveys mapped al l of Kentucky on 7 l/2 -mi nute geol ogi c 
quad rangl es du ri ng the l ast 20 yea rs . Baxt e r  et al . ( 1963) , Baxter  and 
Desborough ( 1965),  and Baxt er et al . ( 1967) mapped the I l l i noi s porti on of the 
Fl uorspar  Di stri ct .  Nel son and Lumm ( 1986 a ,  b ,  and c) mapped the a rea to  the 
north,  i ncl udi ng the Shawneetown Fau l t  Z one . Geol og ic  mappi ng i s  i n  p rogress  
west of the Fl uorspa r D i st ri ct u nder joi nt au spi ces of the U . S .  and I l l i noi s 
State Geol ogi cal Su rveys ' COGEOMAP P rog ram . Vi rtua l ly a l l of the Hub a rea has 
been mapped geol ogi cal ly  on 7 1/2 -mi nute quadrangl es wi t h i n the l ast 20 
years . Important reports i nc l ude Hook ( 1974) ,  T race ( 1974),  and T race and 
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Amos ( 1 984) on the Fl uorspar  D i stri ct ;  Schwa l b  ( 1982) on ove ra l l Pal eozoi c 
geol ogy of the reg i on ;  Nel son and Lumm ( 1984) on s t ru ctu ral geol ogy of 
Southeastern I l l i noi s and vi ci n i ty ;  and McKeown and Pak i ser  ( 1982) and Gori  
and Hays ( 1984) on  vari ous aspects of  regi onal geol ogy and geophys i cs .  
Ten borehol es have reached Mt . S imon o r  o lder  rocks  withi n and adj acent 
to the Hub a rea ( fi g . 10) .  Son i c  and dens i ty l ogs whi ch a re requi red to model 
geophys i ca l  data a re avai l abl e from fou r of thes e dri l l hol es . Logs and 
samp l es from these hol es , and f rom 2 , 767 sha ll ower  ho l es wi thi n the Hub a rea , 
are on fi l e  at the I l l i noi s ,  I nd i ana , and Kentucky Geol ogi ca l Su rveys ( Tabl e 
I ) .  
Tabl e I 
Avai l abl e Sampl es from Hub Area at 
Il l i noi s and Kentucky Geol ogi cal Su rveys 
Depth I Cutti ng II Core I Chi p Total II Hol es 
Interval s I nterval s I nterval s Sampl ed 
0/ 500 10 10 
500/ 1000 55 11 19 85 
1000/2000 123 14 37 174 
2000/3000 1 1 72 1 223 1396 
3000/4000 962 88 1050 
4000/5000 32 4 36 
5000/Deeper 14 1 15 
2369 26 372 2767 
Wi thi n the l ast yea r, mo re than 1 , 000 l i ne-mi l es of p rop ri eta ry sei smi c 
refl ect i on p rof i l es have been exami ned by staff membe rs of the I l l i noi s State 
Geol ogi cal Su rvey and the IBUD Workshop . Al though these p rof i l es a re l i mi ted 
i n  thei r appl i cabi l i ty to s i t i n g of the I BUD , they do p rovi de i ns i ght i nto  the 
geomet ry of the g raben -bou ndi ng fau l t s .  Al so v i ewed we re l i nes p rovi di ng  
extens i ve coverage of the I l l i noi s Bas i n  north and  west of  the p ropos ed ! BUD 
s i t e .  Thi s  l a rge body of Pal eozoi c geol ogi cal and geophysi cal data wi l l  be 
ut i l i zed i n  st rat i g raphi c and st ructu ral  i nterp retat i on of geophys i ca l  dat a to 
be acqu i red duri ng I BUD s i te defi n i t i on effo rt s .  
Basement Geol ogy 
The 24 deep wel l s  dri l l ed to basement or p re-Mt . S imon Sandstone i n  the 
I l l i noi s Bas i n  ( fi g . 10) and adj acent a rea ( Tabl e I I) p rovi de a useful base 
fo r study i ng the P recambri an geol ogy of the regi on . P rel im i nary studi es have 
been condu cted on the sampl es of these dri l l ed hol es , but add i t i onal pet ro­
l og i c  i nvesti gat tons and phy s i ca l p roperty measu rements a re req u i red fo r s i t e  
defi n i t i on .  The emphas i s  o f  P recamb ri an studi es wi l l  be on detai l ed study and 
eva l uat i on of geol ogi c and geophys i cal  l ogs , l i thol og i c  and pet rographi c study 
of basement samp l es ,  the i mmedi ately overl yi ng sedi ment a ry rock s ,  and 
Phanerozoi c ul t ramafi c i gneous rock s .  The p ropos ed study wi l l  a l so i ncl ude 
measu rement of the pri nci pal phy s i cal p ropert i es ( dens i ty ,  magnet i c  
suscept i bi l i ty ,  and nat u ra l  remanent magnet i zat i on) o f  these rocks to ai d i n  
the i nterp retati on of g rav ity and magnet i c  anoma l i es .  Physi cal p roperty 
mea s u rements wi l l  be i nteg rated wi th the geophys i cal dat a to obtai n a 
comp rehensi ve s i te defi n i t i on eval uat i on .  
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Tabl e I I .  Li st of Deep Dri l l hol es to Base1111ent or Pre-Mt . Si mon Sandstone 
i n  the Il l i noi s Bas i n  and Adjacent Areas 
1 1 1 i noi s 
1 .  Ma ryl and #S-1 Ki rche i s ,  
2 .  Mi s s i ss i pp i  #S-2 Kl ei n ,  
3 .  Mi s s i ss i ppi #S-5 Bae r ,  
4 .  Humbl e # 1  Wehe r-Ho rn , 
5 .  M i s s i s s i ppi #A- 15 Theobal d ,  
6 .  Brekon #1  Hemmi nghaus , 
7 .  Texaco #1 Johnson , 
8 .  Un i on #1 Ci sne ,  
9 .  Beeson #1 Porter , 
1 0 .  Brehm #1 Bochant i n ,  
1 1 .  Texaco #1 Cuppy ,  
12. Texas Paci fi c # 1  Fa rl ey ,  
1 3 .  Texas Pac i fi c  #1 St rei ch ,  
Indi ana 
14.  Fa rm Bu reau #1 Brown 
Kentucky 
1 5 .  Exxon #1 Be l l ,  
1 6 .  Texas #1 Shai n ,  
Mi ssouri 
1 7 .  Ma r r  #1 Ba rnet t ,  
1 8 .  St rake # 1  Russel l ,  
Tennessee 
1 9 .  Be nz #1 Me rritt , 
20.  Hende rson #1 Ma rkham , 
2 1 .  Bi g Ch i ef #1 Tayl o r .  
2 2 .  Gul f # 1  Spi n ks , 
23.  Du pont #2 Fee , 
Arkansas 
24. Dow #1 Wi l s on , 
I nt roduct i on 
Mad i son Cou nty . 
Mad i  son Cou nty . 
Mad i son County . 
Fayette Cou nty . 
Mon roe County . 
Cl i nton Cou nty . 
Mari on Cou nty . 
Wayne Cou nty . 
Perry County . 
Washi ngton Cou nty . 
Ham i l ton County . 
John son Cou nty . 
Pope County . 
Lawrence County . 
Webster Cou nty . 
Grayson County .  
Stodda rd County . 
Pemi scot County . 
Lake Cou nty . 
Lake County . 
Gi bson Cou nty . 
Hen ry County . 
Hu111phreys Cou nty . 
Bott<>PI Hol e Rock Types 
Mt . S i mon on Grani te  
Mt . Si mon on Gran ite  
Eau C l a i re on  Gran i te 
Mt . Si mon on Rhyol i te 
Eau Cl a i re on Gran i te 
Eau Cl a i re on Rhyol i te 
Mt . S i mon on Grani te  
Mt . Si mon on Rhyol i te or  
Mi crogran i te 
F rancon i a  on Rhyol i te 
Eau Cl a i re on Gran i te 
Eau C l a i re on Gran i te 
Mt . S i mon on p re-Mt . Si mon 
Mt . S i mon on p re-Mt . Si mon ( ? )  
Arkose on Basal t 
Arkose on Ba sal t of uncert a i n 
age 
Rome Format i on 
Lamotte Sandstone 
Lamotte ( ? )  Sandstone 
Lamotte or  p re-Lamotte Sandstone 
Lamotte or p re-Lamotte Sandstone 
Lamott e or Rhyol i te 
Lamotte ( ? )  Sandstone 
Lamotte on Arkose 
Mi s s i s s i ppi  Cou nty . Arkose on Gran ite  Gne i s s  
SE ISMIC  PROGRAM 
Se i sm i c  refracti on/wi de- ang l e refl ect i on and refl ect i on p rofi l i ng stud i es 
a re p roposed for s i te defi n i t i on and c rustal cha racteri zat i on of the I BUD . 
The p r i nc i pal object i ves of the sei smi c stud i es  a re to  ( 1 )  defi ne  t he 
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stru ctu re of the crust to at l east  i ntermedi ate depths ( ap p roxi mately 20 
k i l omete rs or 12 mi l es) and perhaps to the upper mantl e i n  the Hub a rea ; and 
( 2) uti l i ze sei smi c refl ect i on p rofi l i ng to p rovi de a detai l ed conf i gu rat i on 
of maj or sed i menta ry and basement un i ts as wel l  as fau l ts near the Hub s i te 
for the pu rpose of opt i mi z i n g the dri l l hol e s i t e  sel ect i on .  
A knowl edge of deep ea rth st ructu re i s  a k ey el ement i n  any effo rt to 
s i t e  a deep dri l l hol e and i nterp ret resu l ts  from such a hol e i n  a regi onal  
context . As the pet rol eum i ndust ry has l ong recogni zed , sei smi c s tudi es a re 
the maj or  sou rce of such i nformat i on .  The p roposed Hub s i t e  i s  wi thi n the 
deepest p a rt of the I l l i noi s Bas i n and i s  p l anned to penet rate a thi ck sect i on 
of sedi menta �  rocks  that extst beneath the bas al  ea rly Pal eozoi c ( Mt .  Si mon) 
sed i ment a ry l ayer .  These p re-Mt . S i mon rocks a re re l ated to a l ate� 
Precambri a n  ri ft event that su bsequent ly  cont rol l ed the evol ut i on of the 
I l l i noi s Bas i n  ( B rai l e  et al . ,  1 986) . Because of the rel at i onshi p of the 
I l l i noi s Bas i n to unde rlyi ng  ri ft and crustal anomal i es ,  i t  i s  ext remely 
i mportant to p l ace the !BUD s i te and the I l l i noi s Bas i n in  a crustal  st ructu re 
and tecton i c  framework that i ncl udes the ent i re c rust . The hi gher resol u t i on 
sei sm i c  studi es p rovi ded by regi onal and detai l ed refl ect i on p rofi l i ng wi l l  be 
used for mapp i ng sedi menta ry sequences , the bas ement su rface , and maj o r  fau l ts 
to upper-c rustal  depths 10 k i l ometers ( 6  mi l es) i n  the I l l i noi s Bas i n  a rea . 
Thus , a va ri ety of sei sm i c  stud i es i s  app rop ri ate to  i nvesti gate the natu re of 
the Hub s i te on both a l ocal and reg i onal scal e a nd resol ve featu res at both 
shal l ow and deep cru stal  depths . 
Sei smi c stud i es i n  and around the Hub s i te cons i st of fou r bas i c  el ements 
conducted i n  two phas es of res ea rch .  Du ri ng the fi rst phase,  deep c rustal  
ref ract i on and wi de-angl e refl ect i on profi l es ( NE-SW and E-W) wi l l  be reco rded 
a l ong two i nte rsect i ng 200 k i l omet er ( 1 25 mi l e) l i nes c ross i ng the Hub s i te .  
A 50 ki l omet er ( 30 mi l e) deep refl ect i on profi l e ,  des i gned to record 
refl ect i on data from at l east as deep as Mohorovi ci c D i scont i nu i ty ,  wi l l  be 
run al ong the cent ra l port i on of the NE-SW deep c rustal  ref racti on and wi de­
angl e refl ect i on p rofi l e . App rox imately 250 mi l es of reg i onal refl ect i on 
p rofi l es wi l l  al s o  be ru n i n  and around the Hub s i t e .  Data  assoc i ated with 
these p rofi l es wi l l  be  p rocessed to at  l east 8 seconds . Based on  the resu l ts 
of thi s  fi rst phase of sei smi c studi es , an app roxi mately 15 by 15  k i l ometer ( 9  
by 9 mi l e) a rea wi l l  be sel ected for fu rther detai l ed refl ect i on p rofi l i ng .  
Du ri ng  the second phase of the refl ect i on stud i es ,  50 k i l ometers ( 30 mi l es) of 
det a i l ed refl ect i on p rofi l i ng wi l l  be run for the pu rpose of defi n i ng the 
exact l ocat i on of the dri l l  s i te and del i neat i ng the subsu rface con fi gu rat i on 
of maj or sedi ment a ry u n i t s , fau l t s ,  and the basement su rface i n  the a rea 
i mmed i ately adj acent to the dri l l hol e .  These det a i l ed refl ect i on dat a ,  al s o  
reco rded t o  8 seconds , wi l l  not on ly  p rovi de the c r i t i cal i n format i on 
neces s a ry for s i te sel ect i on ,  but wi l l  al so be useful after the comp l et i on of 
the d ri l l hol e to extend the geol ogi c i nformat i on obtai ned from the hol e  away 
from the dri l l  s i te .  
The dat a acqu i s i t i on ,  proce s s i ng and i nterp ret at i on of  the sei smi c 
studi es of the Hub a rea wi l l  be a team effort . The team con s i sts of D rs .  L .  
W .  Brai l e  ( P u rdue Uni ve rs i ty) , J .  L .  Sexton ( Southern I l l i noi s Uni vers i ty ) ,  G .  
R .  Kel l er ( Un i vers i ty of Texas at E l  Paso) , a nd Peter R .  Vai l ( R i ce 
Uni ve rs i ty) . The fou r i n vesti gators wi l l  be i nvol ved on the ent i re s ei smi c 
res ea rch p rog ram . D r .  Sexton wi l l  ha ve p rimary respons i bi l i ty for the 
acqu i s i t i on ,  p rocess i ng ,  and i nt rep retat i on of the regi onal ref l ect i on and 
deta i l ed refl ect i on studi es . D r .  Brai l e  wi l l  have the p ri ma ry res pons i b i l i ty 
for the deep ( c rustal ) ref ract i on/wide-angl e refl ect i on and deep sei smi c 
refl ect i on p rofi l i ng expe ri ment s .  An i nteg rated i nterp ret at i on of al l of the 
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sei smi c data wi l l  be performed by the three i nvest i gators . Dr .  Vai l wi l l  h ave 
p ri ma ry respons i bi l i ty for sei smi c st rat i g raphy . Th i s  research team has  
exten s i ve experi ence i n  crustal  sei smi c studi es and refl ect i on proces s i ng and 
i nte rp ret at i on ;  each of the i nvest i gators , wi th the except i on of D r .  Vai l , 
have been i nvol ved i n  on-goi ng  sei smo-tectoni c  studi es of the New Mad r i d  R i ft 
Compl ex and I l l i noi s Bas i n  a reas for the past ten yea rs . 
Reg i onal  St ru ctu re and Tecton i cs of the I l l i noi s Bas i n  
The st ructu re a nd geol og i c  evol uti on of the I l l i no i s  Bas i n  i s  i nt i mately  
rel ated to the  tectoni c devel opment of  the upper Mi s s i s s i pp i  Embayment and  the  
underlyi ng New Mad r id  R i ft Comp l ex ( fi g . 14  and 1 5 ) . The  tecton i c  evo l uti on 
of th i s  featu re has recent ly been revi ewed by Brai l e  et al . ( 1986 ) . I n  the 
past decade,  many geol ogi cal a nd geophysi cal stud i es of t he New Mad ri d a rea 
have been performed i n  orde r to better u nde rstand the ea rthquake haza rd i n  the 
a rea . I nteg rat i on and i nt e rp ret at i on of these data have l ed to i mp roved 
u nde rstandi ng  of the nat u re and geol ogi c h i story of the subsu rface st ruct u re 
and i ts rel ati on to sei smi ci ty of the a rea . 
E rvi n and McG i nni s ( 1975 }  used exi s t i ng  geol og i cal  and geophy s i cal  data 
to i nterp ret the evol uti on of the M i ss i ss i ppi Embayment as l ate P recamb ri an or  
ea rly Cambri an  ri ft that they ca l l ed Reel foot Ri ft . The  Reel foot R i ft hypo­
thes i s ,  al ong wi th the h i stori cal earthquake act i v i ty ( Nuttl i ,  197 3 ,  1979 , 
1982 ) and the recent mon i tori ng  of mi c roea rthquake acti vi ty ( Staunder et al . ,  
1977 , 1982 ) , p rovi ded fu rther research a i med at u nderstandi ng the deta i l s  of 
the ri ft model and i t s  rel at i on to the sei smi c haza rd . H i l denbrand et al . 
( 1977 , 1982)  and Kane et a l . ( 1981 )  uti l i zed g ravi ty and magnet i c  data t o  
better del i neate the bou nda ri es of the bu ri ed ri ft and t o  i nfe r a th i ck sec­
ti on of sed i ment a ry rocks fi l l i ng t he g raben associ ated wi th t he r i ft .  The  
New Mad ri d Sei smi c Zone  is  l ocated nea r the  cente r of  the  ri ft . Brai l e  et al . 
( 1982a and b }  uti l i zed l ocal g ravi ty and magnet i c  maps to su ggest exten s i ons 
of Reel foot Ri ft to the northwest and to the northeast ( fi g .  1 4 ) . Sode rberg 
and Kel l er ( 1981 )  descri bed t he subsu rface st ruct u re of t he Rough C reek G raben 
( f i g .  2 )  i n  western Kentucky adj acent to the northern end of Reel foot Ri ft . 
An i nteg rated i nterpretat i on of these studi es ( B rai l e  et a l . ,  1982b}  i nd i cates 
that a fai l ed ri ft system , termed the 1 1New Mad ri d R i ft Comp l ex , 11 exi sts be­
neath t he upper Mi s s i s s i ppi Embayment ( fi g . 1 5 ) . Regi onal g ravi ty data of 
Cordel l ( 1977 ) show a c lear  co rre l at i on wit h  the ri ft compl ex as to ea rthquake 
and mi croea rthquake acti v i ty ( f i g s .  14 and 16 ) . E a rt hquake focal mechani sm 
stud i es ( Herrmann and Canas ,  1978 ) of the New mad ri d Sei smi c Zone support 
ri ght-l ate ral stri k e-s l i p  fau l t i ng a l ong the zone of mi croearthquake act i v i ty ,  
wh i ch trends northeasterly and i s  l ocated southwest of the town of New Mad ri d ,  
M i s sou ri ( fi g . 14 ) . 
Of the seve ral model s proposed to expl a i n  i nt rap l ate earthquake act i v i ty · 
i n  t he North Ameri can mi dcont i nent , two have emerged ( H i nze et al . ,  1980 , 
1984) , that appea r to be mo re successfu l i n  combi n i n g  exi sti ng geol ogi ca l  and 
geophy s i cal data to expl a i n  the sei smi c acti v i ty :  the 11 zone of weaknes s 11 
model ( Sbar  and Sykes , 1973 ; Sykes , 1978) , and the 11 l oca l basement i nhomo­
gene i ty 11 model ( Long ,  197 6 ;  Kan e ,  1977 ; McKeown , 1978 } . 
The 11zone of weak nes s 11 model states that contempora ry eart hquake act i v i ty 
resu l ts from react i vat i on of anci ent zones of weak ness wi thi n the c rystal l i ne 
crust . React i vat i on i s  assumed to be cau sed by app l i cat i on of the 
contempora ry regi onal st ress f i e l d  to the weak zones of fau l ts o ri ented 
rel ati ve to the st ress flel d i n  such a way that the stress cau ses mot i on on 
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Figure 14. Index map of New Madrid Rift Complex (shaded region) as defined by Braile et al. (1 982) and 
proposed IBUD location. Small circles are epicenters of earthquakes that occurred from 181 1 to 1 975. The 
heavy contour lines show the relative positive regional Bouguer gravity anomaly (Cordell, 1 977) associated with 
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Figure 1 5. Schematic block diagram il lustrating the structure of the crystalline crust and Phanerozoic 
sedimentary basins beneath the New Madrid Rift Complex in the upper Mississippi Embayment and Il linois 
Basin areas (from Braile et al., 1 986). The locations of the Reelfoot and Il linois Basins are shown by 2- and 




COR REL AT ION OF  R I F T  COM P L E X  
A N D  S E I S M I C I T Y  
I L L I N O I S  I N D I ANA 
+ 
M I S SO U R I  
92° 90° 88° 
- 8 - C O N T O U R S  O F  N U M BE R  O F  
EARTHQUAKES ( 1800 - 1972,  M M  � m )  
P E R  104 km 2 A R E A  ( AF T E R  H A D L E Y  
AN D DEVI  N E ,  1974 ) 
86° 
- - I N FERRED BOUN DARY OF R I F T  COMPLE X 
Scale 
I I I  I I 
0 100 200 km 
Figure 16. Contour map of earthquake seismicity (in number of earth­
quakes with Modified Mercalli Intensity greater than or equal to I l l  per 1 04 
kilometer square area from 1 890 to 1 972) and outline of New Madrid Rift 
Complex. The correlation of the rift complex with historic seismicity 
suggests a causative relationship between the buried rift structures and 
earthquake activity. 
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New Mad ri d zone of sei smi ci ty has been suggested hy Zoback and Zo back ( 1 981) , 
and by B rai l e  et al . ( 1 982b and c ) . 
The " l ocal bas ement i nhomogeneity" model  states that sorne sma l l zones of 
ea rthquake act i v i ty a re associ ated wi th l ocal i nhomogenei t i es in the c rust . 
Gravi ty and magnet i c  anoma l i es a re associ ated wi th the c ru stal i nhornogenei t i es 
( Hi nze et al . ,  1984) . Thi s  model may represent the mecha n i srn for a smal l 
percentage of i nt rapl ace earthquakes that appear not to be rel ated to maj or 
buri erl st ructu res in  the North Ame ri can m i,rlcont i nent . 
These model s ,  when f i tted i nto a pl ate tecton i c framewo rk , can be userl to 
expl a i n  sei srni c i ty of the New Mad rid Ri ft Compl ex . Brai l e  et al . ,  ( 1 986) 
revi ewed tecton i c  evol ut i on of the New Madri d Ri ft Comp l ex ;  i t s rel at i on to 
craton i c  tecton i cs , pl ate marg i n  i nte ract i ons , and effects on the geol ogi c  
hi story of th i s  port i on of the North Ame r i can  c raton ; and i t s rel at i on to 
sei smi c i ty of the area . The New Mad r irl  R i ft Compl ex , fo rmed by pl ate tectoni c 
i nte ract i ons about 600 mi l l i on years ago, has i nfl uenced the geol ogi c act i v i ty 
of the mi dcont i nent i n  response to pl ate i nteact i ons at the marg i ns of the 
No rth Ame ri can pl ate. Th rough peri ods of upl i ft and subs i dence , 
sed i mentat i on ,  and d rai nage of maj or ri ver systems , thi s fai l ed ri ft compl ex 
has cont rol l ed ,  and i n fl uenced l ocal i zat i on of ore depos i t s .  Al so  the pl ate 
mot i ons a re p resently p roduc i ng the comp res s i ve st res ses , assurned to be 
react i vat i ng the faul ts or  zones of weakness i n  the New Mad rid  Se i smi c Zone ,  
thus caus i ng contempo rary ea rthquake and mi c roea rthquake act i v i ty .  
Previ ous Se i smi c St ud i es o f  the Upper Mi s s i s s i pp i  Emhayrnent and I l l i no i s Ba s i n  
The deep st ruct u re of the Mi ss i ss i ppi Embayment a rea has been the pr ime 
ta rget of sei smi c stud i es of deep c rustal st ructure because  of the p resent 
ea rthquake act i v i ty .  The early refract i on study of Mccamy and Meyer ( 1966)  
i ndi cated an  anomal ou s , h i gh-vel oci ty ( Vp = 7 . 4  km/sec)  l aye r i n  the l owe r 
crust . The p resence of thi s l ayer has heen confi rmed by P-wave spect ral data 
( Ku ri ta ,  1973 ) , t ravel -time data from l ocal ea rthquakes ( Mi tchel l and Ha shirn , 
1977),  and the anal ys i s  of Rayl e i gh wave d i spers i on data ( Aust i n  and Kel l e r ,  
1982) . The recent and rel ati vely ext en s i ve ref racti on st udy of Mooney et a l . 
( 1 983) and Gi nzburg et al . ( 1 983) mapped the extent of the anomal ous l ayer 
( f i g . 17) i nto southwestern Kentucky . 
Data on the structure of the upper port i on of c rust  can  be readi l y  
obta i ned us i ng the sei sm i c  refl ect i on method . St ud i es of the New Mad r i d  
Sei smi c Zo ne have aga i n  been the maj or sou rce o f  publ i cly avai l abl e refl ect i�n 
dat a .  I n  the Reel foot Ri ft a rea , non-p ropri etary ,  sei sm i c  refl ect i on stud i es 
i ncl ude two Vi brosei s su rveys  condu cted by the U .  S .  Geol ogi cal  Su rvey ( Zoback 
et al . ,  1980 ; Hami l ton and Zoback , 1982) , a hi gh resol ut i on su rvey on the 
Mi s s i ss i pp i  R i ver  a l s o  done by the USGS , and two hi gh-resol ut i on l and su rveys 
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Figure 1 7. Upper Mississippi Embayment crustal models across the Reelfoot 
Rift (upper diagram) and along the axis of the Reelfoot Rift (lower diagram). The 
crustal models were derived by travel-time and synthetic seismogram modeling of 
seismic refraction data and gravity modeling by Mooney et al. (1 983) and Ginzburg 
et al. (1 983) . The thickened high density lower crustal material (shaded in the 
diagrams) appears to be a characteristic feature of the crust beneath the New 
Madrid Rift Complex, and according to the gravity modeling, it appears to extend 
northeasterly to the proposed IBUD site. 
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( Sext on et a l . ,  1982 ; Sexton a nd Jones , 1981 ; Jones and Sexton , 1982 ; Jones , 
1982) . 
In  the Wabash Ri ve r Val l ey of southwestern I nd i ana  and southeastern 
I l l i n oi s ,  a Vi b rosei s sei smi c refl ecti on p rofi l i ng exper iment was conducted 
( Sext on et a l . ,  1986) nea r the ma rgi n of the Southern I nd i ana Arm of t he r i ft 
compl ex ( f i g .  18) . Thi s  su rvey has provi ded c l ea r  rl i rect ev i dence for l ate 
Precamb ri an to early Pal eozo i c  faul t i n g  associ ated with the ri ft comp l ex .  An 
exampl e  of these data from Sexton et al . ( 1986) for port i ons of two se i smi c 
refl ect i on sect i ons centered onthe Wabash Ri ve r at Grayv i l l e , I l l i no i s ,  i s  
shown i n  fi gures 19 and 20 . The sei smi c secti ons show good refl ect i ons from · 
Pal eozo i c  strat i graphi c u n i t s and al l ow i denti f i cat i on of the sma l l offset to  
( 10 to 50 meters ; 3 to 1 7  feet) Wabash Ri ver Val l ey faul ts . In  add i t i on ,  the 
reco rd sect i ons p rovi de evi dence fo r a thick  sect i on of p re-Mt . Si mon l aye rerl 
rocks exi st i ng wi thi n a fau l t -bounded graben beneath the I l l i no i s  Bas i n .  A 
schemat i c  c ross sect i on based on the sei smi c refl ect i on data of Sexton et al . 
( 1986) as wel l as grav i ty and magnet i c  i nterp retat i ons ac ross the southern 
Incli ana a rm of the New Mad ri d Ri ft Comp l ex ,  i s  shown i n  fi gu re 2 1 .  Two stages 
of normal fau l t  act i v i ty a re i nrl i cated by these data . Maj or g raben-bound i ng 
fau l t s fo rmerl i n  l ate Precamb ri na to ea rly Cambri a n  t i me and the g rabens were 
fi l l ed wi th pre-Mt . S imon l aye red rocks that a re overl a i n by a general l y  
conf ormab 1 e sequence of Pa 1 eozoi c sed i mentary rocks , the uppe r bounda ry of 
whi ch is a post -Pennsyl vani an unconfo rmi ty .  The rel at i vely mi nor fau l t i ng of 
the Wabash Val l ey Fa ul t System occu rred l ater  and was caused by react i vat i on 
of the ol der faul ts .  
Object i ves of Crustal  Se i smi c St udi es Nea r  the Hu b Area 
The exi st i ng sei sm i c  data i n  the regi ons surroundi ng the Hub a rea can be 
put to  good use ,  but a maj or  s ei smi c effort i s  cl ea rly req u i red i n  the 
v i ci n i ty of the p roposed d ri l l hol e .  Al though it  i s  not known how extens i vely 
ri fti ng has al tered the c rust  i n  the d ri l l hol e a rea ,  the extent of crustal  
modi fi cat i on pl ays an i mportant rol e in  understand i ng such d i verse phenomena 
as metal l ogeny and bas i n  formati on .  The p ropos ed d r i l l hol e s i tes a re c l early  
i n  a st ructu ral ly compl ex a rea . On  a l a rge scal e ,  the rel at i ons between the 
Reel foot R i ft ,  Rough Creek Graben , and Southe rn I ndi ana Arm a re a maj o r  
qtiesti on .  On a smal l er scal e ,  the i nte rsect i ons among the Rough C ree k ,  
Cottage Grove-Shawneet own , and Wabash Val  1 ey fau l t zones pose i mportant 
quest i ons . Sed i ment a ry rocks may exceed 7 k i l ometers (4 mi l es) total 
thi ckness i n  the Rough Creek Graben ( f i g .  4 Sodhe rg and Kel l e r ,  1981) ; ext ent 
of these very thi ck serl i ments i n  another i mportant quest i on .  
A fu l l y i ntegrated , two- phase sei smi c study i s  p roposed t o  determi n e  the 
deep struct u re i n  the Hub a rea . Thi s st udy wi l l  be a maj or component of the 
s i te sel ect i on proces s .  The f i rst phase of the st udy wi l l  be regi onal  i n  
scope and wou l d  have both refract i on (wi de angl es of i nc i denc�) a nd refl ect i on 
( nea r ve rt i cal  i nc i dence) components . The i nteg rated nat u re of thi s study 
wi l l  be both cost effect i ve and sci enti f i cal ly i nnovat i ve .  It wi l l  focus on 
an a rea of 100 by 100 k i l ometers ( 6 2  by 62 mi l es) . A maj o r  con s i derat i on i n  
the l ayout of thi s fi rst phase of the p roj ect i s  the des i rabi l i ty of tyi ng to 
the stud i es of Sexton et a l . ( 1986) and Mooney et al . ( 1 983) . 
The data from the fi rst phase Of the study wou l d  be used to redu ce the 
a rea of i nvest i gat i on to a 1 5  by 1 5  k i l omet er ( 9  by 9 mi l e) a rea . Phase  I I  of 
the sei smi c study wi l l  be a i med at detai l ed s i te sel ect i on and wi l l  con s i st of 
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Figure 1 8. Index map of the Wabash Valley Fault region of southeastern Illinois and 
southwestern Indiana showing the locations of the Wabash Valley reflection profiles of 
Sexton et al. (1 986). 
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Figure 1 9. Example of seismic reflection data for the Wabash Valley reflection survey (Sexton 
et al. ,  1 986). These data indicate a thick section of pre-Mt. Simon sedimentary rocks exists within 
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Figure 20. Composite seismic reflection record section of the east end of the Grayville line and west end of the New 
Harmony line (Figure 6) of the Wabash Valley seismic data (Sexton et al . ,  1 986). These reflection data define the Grayville 
Graben beneath the Illinois Basin sedimentary sequence. 
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Figure 21 . Northwest-to-southeast schematic cross section of the upper crust along line 
C-C' (Figure 6) across the Wabash Valley Fault System in southeastern Illinois and southwest­
ern Indiana (from Sexton et al. , 1 986). 
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det a i l ed sei smi c refl ect i on p rofi l i ng .  Maj or  goal s of thi s phase  i n c l ude : 
the detai l ed determi nat i on of fau l t  geomet ri es , detect i on of i nt rus i ve masses , 
determi n i ng the su i tabi l i ty of the s i te from the standpo i nt of the l i k el i hood 
of extend i ng stud i es i n  the d r i l l hol e l ateral l y ,  del i neat i on of basement 
st ructure ,  detect i on of Pre-Knox sediment s ,  and establ i shi ng age rel at i ons  
through the study of  fau l t  geomet ri es .  
Resea rch Pl an for I BUD Cru stal  Se i smi c St udi es 
C rustal sei smi c studi es of the Huh a rea a re p roposed to p rov i de a 
cha racteri zat i on of the c rust  i n  the I l i noi s Ba s i n ,  New Mad ri d Ri ft Comp l ex 
reg i on ,  and to refi ne the s i te sel ect i on of the I BUD d ri l l hol e .  Because the 
i mp o rtant targets  fo r the d ri l l i ng and the s e i smi c wo rk a re at depths of 5 to 
10 k i l ometers ( 3  to 6 mi l es )  or even g reate r ,  s pec i a l  des i gn featu res have 
been consi dered i n  p repari ng the c rustal  sei smi c experi ment p l a n .  The nat u re 
of the upper c rust and the extent of the l ower c rustal  anomal y  found to the 
sou th nea r the Reel foot Ri ft a rea ( e . g . Mooney et a l . ,  1983) . Add i t i onal ly , 
the basement confi gurat i on and st ructu ral rel at i onshi ps of fau l ts wi thi n the 
basement and the Pal eozo i c sed i mentary sect i on a re a l so  ta rget s of the sei smi c 
wo rk . 
A two phase c rustal  sei smi c exp l orat i on p rog ram i s  proposed . Phase  I 
con s i sts of two types of sei smi c  studi es a i med p riMari l y  at the deepe r 
st ruct u re and regi onal refl ect i on p rofi l i ng t o  p rovi de detai l ed i nformat i on on 
near-su rface featu res , pa rt i cul ar ly  the Rough C reek G raben , the fau l t  confi g­
u rat i on i n  the a rea , and the basement su rface . Pha se I I  con s i sts of a set of 
det ai l ed sei smi c refl ecti on profi l es u s i ng conventi onal  Vi brosei s sei smi c. 
refl ect i on techn i ques i n  an approxi mately 15  k i l ometer  by 15  k i l ometer  ( 9  by 9 
mi l e ) a rea surround i ng the p roposed dri l l  s i te . Locat i ons for the p roposed 
se i smi c p rofi l es for both. Phase I and Pha se I I  stud i es a re shown i n  f i gu res 22 
and 23 . A bri ef descr i pt i on of each of the p rofi l es i s  g i ven i n  tabl e 1 and a 
schemat i c  d i agram i l l u st rat i ng the depl oyment p l ans  fo r the fou r types of 
sei sm i c  stud i es ( refract i on/wi de-ang l e  refl ect i on ,  deep refl ect i on p rofi l i ng ,  
regi onal  refl ect i on p rofi l i ng and detai l ed refl ect i on p rofi l i ng )  cont a i ned i n  
the resea rch pl an i s  g i ven i n  fi gure 24 . Phase I se i smi c refract i on and 
refl ect i on stud i es wi l l  p rovi de important data bea ri ng  on the l ocat i on of the 
IBUD d ri l l  s i t e .  The det a i l ed refl ect i on profi l es wi l l  be l ocated over the 
sel ected s i te and wi l l  refi ne the s i te sel ect i on so  that the opti mum l ocat i on 
of the d ri l l hol e can be found . These data add i t i onal ly  wi l l  a id  i n  extend i ng 
the geol ogi cal and geophys i cal  data hase p rovi ded by the d ri l l hol e away from 
the hol e  and g i ve the confi gurat i on of i mportant fau l ts , sed imentary u n i ts , 
and ba sement struct u re i n  an  a rea surrou ndi ng  the d ri l l hol e .  
The proposed Phase I c rustal  sei smi c stud i es i nc l ude refract i on/wi de­
angl e refl ect i on p rof i l es ,  deep refl ect i on p rofi l es and regi onal  refl ect i on 
profi l es .  The Phase I stud i es wi l l  he performed d u ri ng the fi rst year of the 
p ropsed two and one-ha l f yea r  resea rch pl an and the resu l ts of Phase I 
p rocess i ng ,  model i ng ,  and i nterpretat i on wi l l  p rovi de the neces s a ry data for 
se l ect i ng the s i te fo r the Phase I I  detai l ed refl ect i on profi l es whi ch wi l l  be 
reco rded duri ng the second year of the resea rch p rog ram .  
Sei smi c Profi l es - Ref racton/Wi de-Ang l e Refl ect i on 
The refract i on/wi de-ang l e  refl ect i on profi l es wi l l  be l ocated i n  an 
app roximately X-shaped a r ray cent ered on the Hub s i te .  The no rtheast -
.�0 
,::;v �4. 
00'tf 0'lf rffe ·�t§ �v,OJ 
00 ·.s-
0 0'' 








� r' ... ......,J. 
' 
far!' 
- -- -����-- 7- ---- -- -- - -TENNESSEE c"tnb � ertan y (Proa d Ptat. 
( e111 et ea" '- . ill 1 11?e ., 984) 
Figure 22. Locations of proposed refraction and deep seismic reflection to be recorded in the Hub area. The solid lines 
labeled A define the locations for the refraction/wide-angle reflection profiles. The heavy line is the deep reflection profile. 
The proposed seismic refraction and reflection profiles are described in table I l l .  Previously recorded crustal refraction 
profiles and the Wabash Valley reflection profiles of Sexton et al. ( 1 986) are also shown. Contours indicate the approximate 
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Figure 23. Proposed seismic reflection profiles for IBUD site definition . Profiles are described in table I l l .  Contours 
indicate thickness of Cambrian System plus Knox Megagroup (lower Ordovician). Compiled from drillhole and 
proprietary seismic data. 
A. Refraction/Wide Angle Reflection Profiles 
• • • • • 
Shotpoints: • 200 kg 
• • • 
400 SGR I l l  recorders 
at 500 m spacing 
• 
• 500-1 000 kg . 2000 kg 
• 
B. Deep Reflection CDP Profile (Along NE-SW Refraction Profile) 
c. 
50 km CDP profile using SGR I l l  recorders 
and vibroseis source at 250 m (750 fl) spacing 
Regional Reflection Profiles 
"'"1 "4----400 km (250 mi) ----•--""'I 
wireline or optical fibre telemetry system 
geophone group interval 55 m ( 1 65 fl) 
active seismic channels 240 
Vibroseis Source spacing = 55 m ( 1 65 fl) 
8-55 Hz Sweep; 1 20 Fold CDP Coverage 
















-50 km (30 mi) Conventional Seismic Reflection 
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Figure 24. Deployment plan for IBUD seismic studies. 
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TABLE I I I  
I BUD Sei smi c P rofi l es 
( i l l u st rated i n  fi gu res 22 , 23 , and 24 ) 
A .  Two 200-ki l ometer ( 125-mi l e ) C rustal Ref ract i on P rofi l es 
( Sei smog raph Spaci ng = 500 meters ( 1500 feet ) , Shotpoi nt Spaci n g = 15 
k i l ometers (9 mi l es )  
B .  50 k i l ometer ( 30 mi l e )  Deep Ref l ect i on Profi l e  
( CDP Refl ect i on Dat a ,  G roup Spaci ng = 250 meter ( 7 50 feet ) , Sou rce Spaci ng  
= 250 met er { 7 50 feet ) ,  Record Length = 20  seconds ) 
C .  Regi onal Refl ect i on P rofi l es 
400 k i l ometer ( 250 mi l e ) , CDP Profi l i ng ,  Grou p I nterval  = 55 mete rs { 165  
feet ) , Sou rce Spaci ng = 55  meter ( 165 feet ) 
- Covers trans i t i on zone between east-west t rend i ng Rough C reek G raben  and 
northeast-southwest t rendi ng Reel foot R i ft wi t h i n  t he Hub s i te .  NW-SE 
l i ne t ransect i n g ent i re ri ft from Shawneetown Fau l t i n  I l l i noi s to 
Penny ri l e  Fau l t System i n  Kentucky .  L i nes across Rough C reek Fau l t  Zone ,  
Shawneet own Fau l t ,  Lu s k  Creek Fau l t .  Li nes essent i a l ly p a ral l e l to  axi s 
of ri ft i n  t rans i t i on zone.  
D .  Detai l ed Sei smi c Refl ect i on Profi l es 
50 k i l ometers { 30 mi l es )  of detai l ed CDP refl ect i on dat a recorded i n  a 15 
x 15  k i l ometer a rea ( 10 x 10 mi l es )  rep resent i ng the p roposed IBUD s i t e .  
Group Spaci ng = 5 5  meters ( 1 65 feet ) , Sou rce Spac i ng = 5 5  meters ( 165 
feet ) .  
southwest p rofi l e  ( F i gu res 22 and 23)  i s  des i gned to cross  the Rough Creek 
G raben and i nvest i gate the deep st ructu re of the I l l i no i s  Bas i n .  The l ocati on 
of the p rofi l e  i s  al so  sel ect ed to p rovi de a t i e  between the exi sti ng  sei smi c 
studi es i n  the a rea , p a rt i cu l a rly  the crustal  ref ract i on wo rk of Mooney et a l . 
( 1983 ) and Gi nzbu rg et al . ( 1 983 ) to the southwest of the Hub s i te ( f i g .  
1 4 ) . Addi t i onal l y ,  t h i s  ref ract i on l i ne wi l l  be used to i nvesti gate the  
pos si p i l i ty of a l ower crustal anomaly  ( f i g .  17 ) that  is  ch a racteri st i c of the  
Reel foot R i ft a rea and pe rhaps the enti re New Md r id  R i ft Comp l ex . The 
l ocat i on of t h i s  northeast-southwest l i ne wi l l  a l l ow the mapp i ng of th i s l owe r 
cru stal anoma ly and potent i al deep ,  l ate P recamb ri an g rabens such as the  
Grayvi l l e  g raben i dent i fi ed by Sexton et  a l . ( 1986 ) .  These  featu res a re 
expected to be ori ented i n  an app roxi mately northeasterly d i rect i on a nd cou l d  
be t raced from the Reel foot area i nto  southern Indi ana and southern 
I l l i noi s .  A cross l i ne ( fi gs .  22 and 23)  wi th an i dent i cal 200- k }1bmeter  
( 125-mi l e ) l ong depl oyment conf i gurati on ( f i g .  24 ) wi l l  be  reeurded .�&,<?fin 
approxi mately east-west d i rect i on al ong the ax i s  of the Rough C r�� �aben . 
I t  wi l l  be p a ral l el to the maj or  struct u ral  featu res of the �  (the �\.age 
G rove-Shawneetown and Rough C reek fau l t  zones ) and wi l l  p rovfd'e ma� il?lttm� 
resol ut i on on the deep structu re of thes e fau l ts and rel ated ��"'��ns . The 
ref ract i on/wi de-ang l e  refl ect i on p rofi l es wi l l  be reco rded wi'l'h 400 Sei smi c 
Grou p Recorders ( SGR ) depl oyed at 500-meter  ( 1500-feet ) s paci ngs 
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wi th la rge shots at end poi nts and at the center ,  and smalle r shots 
d i st r i buted along the p rofi le .  The deployment plan i s  i llus t rated i n  F i gu re 
24 . It p rovi des both for deep cove rage u s i ng refract ed a rri vals as well as  
wi de-angle reflect i ons and for  common-depth-poi nt ( CDP ) cove rage of  the deep 
i nterfaces . 
The ref ract i on and wi de-angle reflect i on prof i li ng experi ments wi ll 
ut i li ze SGR i nst ruments avai lable on cont ract from i ndust ry .  These 
i ns t ruments  have recently been used on two maj or  cru stal sei smi c experi ments 
conduct ed by the i nvesti gat o rs i n  Oklahoma and A rkans a s ,  and thei r performance 
was excellent . I n  addi t i on ,  the use  of a cont ract crew for the . reco rd i n g i s  
effi c i ent . Equi pment of thi s type i s  not avai lable i n  s u ffi ci ent numbe rs 
withi n gove rnment agenci es or un i vers i t i es ,  thus cont racti ng i s  the best 
choi ce for data acqui s i t i on .  Both the refract i on/wi de-angle reflect i on 
p rofi les and the deep reflect i on prof i les wi ll employ the s ame cont ract or 
c rew and ut i li ze SGR ' s  wi th the capab i li ty of V i b ros e i s  reco rdi n g .  These 
i nst ruments ( SGR I I I  reco rde rs ) have s i gn i fi cant adva ntages for cru stal 
studi es of the type planned he re . F i rst , the sei smog raphs a re i ndust ry 
standard , hi gh-quali ty di g i tal i nst ruments with la rge dynami c range and b road 
bandwi dth . They a re also portable and req u i re no cable connect i ons allowi ng  
effi ci ent operat i on in  the fi eld and  deployment ove r  longe r  di stances than 
normal cable sei smi c systems . The SGR I l l s wi ll wo rk both for explos i ve and 
V i b rosei s sou rces ; thei r reco rd i ng  by cart ri dge magnet i c  tape i s  i n i t i ated by 
a rad i o  s i gnal from a cent ral controlle r,  whi ch also cont rols the sou rces . 
Sei smi c  Profi les -- Deep Reflect i on Data  
Deep sei smi c reflect i on p rofi li ng  wi ll be  run along the  cent ral port i on 
of the p roposed NE-SW deep cru stal ref ract i on and wi de-angle reflect i on li ne 
throu gh the Hub s i te ( fi g .  22 ) . Fou r hund red SGR recorde rs wi ll be deployed 
over a d i stance of 100 k i lomete rs ( 60 mi les ) thus p rovi d i ng a 250 meter { 800 
feet ) spaci ng . A vi b rosei s sou rce wi ll be u sed wi th a s ou rce spac i ng ( VP )  of 
250 meters ( 800 feet ) .  Becau se the recorders can be deployed once for the 
ent i re 100 k i lometer li ne , the vi brosei s t rucks  can move rapi dly down the li ne 
sweep i ng for seve ral mi nutes at each sou rce poi nt and yi eld a CDP reflect i on 
p rofi le with nea r-vert i cal to wi de-angle cove rage for the cent ral 50 
k i lometers { 30 mi les )  of the li n e .  CDP coverage wi ll va ry along the 100 
·k i lometer ( 60 mi le }  li ne .  The coverage wi ll be li m i t ed near the ends of the 
li ne and data wi ll be reco rded i n  a s i ngle-ended mode . Al ong the cent ral 50 
k i lometers ( 30 mi les ) of the li ne , howeve r ,  the dat a wi ll be reco rded i n  a 
spli t-spread mode and wi ll be of hi gh CDP fold . Du ri ng the V i b rosei s  
recordi ng ,  the SGR i nstruments would only have to be servi ced occas i onally to 
chan ge ca rt ri dge tapes and a few of the i nst ruments would be moved from the 
start of the li ne to nea r the end of the li ne as V i brosei s t rucks  p roceed 
along the li ne • .  The V i b rose i s sweep and the number of sweep� at each VP 
locat i on wi ll be des i gned to  y i eld coherent sei smi c  reflect i on res ult s  at 
least 10 k i lomete rs (6 mi les ) away from the V i b rose i s  t rucks  at any g i ven 
· t ime .  I n  the Wabash Valley reflect i on experiment repo rted by Sexton et  al . 
( 1986 ) , a t est V i b ros e i s  reflect i on sei smi c  li ne was pe rformed wi th la rger 
offset , up  to  10 k i lometers ( 6  mi les ) ,  and adeq u ate ene rgy was recorded along  
the ent i re IO-k i lomete rs (6  mi le )  a rray wi th a relati vely small number of  
sweeps .  With 10 to  20 k i lometers ( 6  to  12 mi les ) of  act i ve a rray at any g i ven 
t i me duri ng the V i b rosei s record i ng ,  anywhe re from 80 to 160 i nst ruments would 
be . record i ng the reflect i on dat a for each VP locati on .  ( As the Vi b rose i s 
t rucks move along the li n e ,  the coverage becomes spli t sp read for the maj ori ty 
of the li ne rathe r than s i ngle ended . )  Ut i li z i ng these 80 to  160 t races for 
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each shotpoi nt , a wi de ape ratu re and h i gh CDP- fold , deep sei smi c refl ect i on 
p rofi le may be p repa red by standard i ndust ry proces s i n g .  Th i s  deployment plan 
not only provi des for effi ci ent reco rdi ng ( ut i li z i n g the same SRG I I I  crew as 
t he refract i on work and allowi ng for depl oyment over a wi de area wi th smal l 
operat i onal efforts and expens e ) , but al so a wi de ape ratu re a rray wi l l  be 
recorded w i th a CDP fold from 40 to 80 . Th i s wi ll result i n  h i gh-quali ty data 
with an opti mum depth cove rage of a few ki l ometers down to mi dcrustal depths 
and as deep as a Moho .  
Sei smi c P rofi l es -- Regi onal  Refl ect i on P rofi l es 
Wi thi n the Hub a rea , reg i onal CDP sei smi c reflect i on p rofi l es wi l l  be 
recorded i n  order to defi ne the t rans i t i on between the east-west trendi ng 
Rough C reek Graben a nd t he nort heast-southwest-t rendi ng Reel foot R i ft ,  two 
a rms of the New Mad ri d Ri ft Compl ex.  The regi onal prof i l e  data  wi ll be 
co l l ected us i ng ei ther a wi rel i ne or telemet ry sei smi c  acqu i s i t i on system .  A 
240 channel system would be used wi th spl i t  sp read geomet ry and a 165 foot 
group i nterval. The p roposed regi onal refl ect i on p rofi l e  locat i ons a re shown 
on Fi gure 23 . Th i s  d i stri but i on of l i nes wi ll provide the sei smi c data 
requ i red to add ress the sa l i ent aspects of the t rans i t i on zone.  Emphas i s  has 
been gi ven to the north  and northwest bounda ri es of the Reelfoot Ri ft-Rough  
C reek Graben j o i n wi th i n the  Hub s i te,  i . e . , the  Rough C reek Fau l t  Zone,  the  
Shawneetown Fau l t  and  the Lusk Creek Faul t ,  because li m i t ed prop ri eta ry 
sei smi c data i ndi cates that t he ri ft-fi l l i ng sed i ments a re th i ckest adj acent 
to the northern ri ft bounda ri es . The northwest-southeast sei smi c li ne that 
extends f rom the Penny ri l e  Fau l t  Zone on the southeast , to wel l  beyond the 
Shawneetown Fau l t  on the northwest , transect s the t rans i t i on between the Rou gh  
C reek Graben and the  Reel foot R i ft .  The northwest end of  th i s l i ne has been 
extended to Norri s C i ty i n  Whi te  Cou nty , I l li noi s i n  order  to t i e  wi th  
p ropri eta ry sei smi c reflect i on su rveyi ng in  southeast e rn I l l i no i s  that wi l l  be 
made avai l abl e .  
The p ropos al i ncludes 400 k i l ometers ( 250  mi les ) o f  sei smi c refl ect i on 
data that wi l l  be acqu i red and processed to a record length of at least 8 
seconds . These p rofi l es are des i gned to prov i de excellent resol uti on of the 
ent i re Phanerozoi c Sect i on and the upper porti on of the c rystal l i ne basement 
rocks u s i ng  sei smi c pa rameters outli ned below . The regi onal reflect i on 
sei smi c study wi l l  focus on acqu i ri ng data from depths of 5 to 9 k i l ometers 
( 15 ,000 to 30 , 000 feet ) .  The oldest ri ft-f i l l i ng Phanerozoi c or older rocks  
and l i thol ogi c changes in  t he basement rocks rel ated to the ri ft i ng p rocess 
wi ll occu r i n  th i s i nterval . 
Sei smi c P rofi l es -- Detai led Reflect i on Data 
After process i ng and i nterp retat i on of the refract i on and regi onal 
refl ect i on data reco rded i n  Phase I of the s i te defi n i t i on pla n ,  reco rdi ng of 
det ai l ed refl ect i on p rofi l es i s  proposed wi th i n an approxi mately 15 by 15 
k i l ometer ( 10 by 10 m i le )  a rea centered on the most l i kely ! BUD s i t e .  
App roxi mately 5 0  k i lometers ( 30 mi l es )  o f  convent i onal sei smi c refl ect i on 
p rofi l i ng wi ll be obtai ned under sepa rate cont ract u s i ng con vent i onal cable 
V i brosei s met hodol ogy wi th a 8 to 55 hertz sweep a nd an app roxi mately 55 mete r  
( 165 feet ) group spaci ng wi th 120- fold CDP coverage.  T h e  approxi mate confi g­
u rat i on of the detai l ed reflect i on profi l es is  i l l u st rated schemat i cally i n  
fi gure 24 . These data wi ll be p ri mar ily used fu rther to defi ne the confi gu­
rat i on of fault s ,  sed i ment a ry un i ts , and basement su rface i n  the I BUD s i t e  
l ocat i on pri or t o  t h e  fi nal s i te sel ecti on . I n  t he post -dri l li ng phase of the 
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Hub study , these dat a wi l l  be used to extend the geol ogi cal  and geophys i ca l  
d ata deri ved from the hol e away f rom the d ri l l ho l e  l ocat i on .  
Data Acqui s i t i on and P rocess i ng 
Data acqu i s i t i on and p roces s i ng fo r Hub sei smi c stud i es wi l l  be acq u i red 
and p roces sed by t he s ame i ndust ri al sei smi c cont ractor i n  order to faci l i t ate 
commu n i cat i on ,  qual i ty cont rol and to l ower cost , i f  pos s i bl e ,  i n  a manner  
cons i stent wi th t he goal s of  th i s  p roposa l . 
A bri ef summa ry of the recommended pa rameters for reco rdi ng the data a re 
as fol l ows : 
1 )  Number of act i ve sei smi c chan nel s :  240 
2 )  Geophone g roup i nterval : 1 65 feet 
3) Sei smi c sp read : Spl i t  sp read 20 , 130-495 feet , 495- 20 , 130 feet 
( ap p roxi matel y )  
4 )  Geophones : D i gi tal  grade , 8 o r  10 Hz . , 1 8  pe r grou p , i n - l i ne pattern ove r 
165 feet 
5 )  Sou rce : vi b rators , zone act i ve ,  i n- l i ne patte rn ; use vi b rators wi th  a 
peak fo rce of app roxi mately 27 ,000 to 30 , 000 l bs .  each . Sweep Length : as 
short as poss i bl e ,  p robably a rou nd 8 seconds . Sweep frequency : 
app roxi mately 8 to 55 H z .  
6 )  Sou rce poi nt or  vi brat i n g poi nt i nterval : 1 6 5  feet 
7 )  Resu l t i ng effort : 120 fol d  
8 )  Sampl e i nterval  for data : 4 mi l l i seconds 
9 )  I nst ruments : wi re l i ne or opt i cal fi b re tel emet ry system .  
P rocess i ng of the data wi l l  b e  by sei smi c cont ractors fol l owi ng  a 
p rocess i ng st ream s i mi l ar to that used succes sfu l ly by u n i ve rs i t i es and 
compani es who have gat hered sei smi c refl ect i on data in the a rea . Vel oci t i es 
for the refl ecti on p rocess i ng wi l l  be avai l ab l e f rom wel l l og data ( Sexton et 
a l . ,  1986 ) and from the wi der operat i ve deep ref l ect i on dat a  and 
refract i on/wi de-angl e refl ect i on dat a .  
The data wi l l  necess a ri ly  requ i re " c rooked-l i ne "  p rocess i ng s i nce l ong  
st rai ght roads a re not avai l ab l e in  t h i s  p a rt of  the  worl d ,  and l ong bul l dozed 
t rai l s  wou l d not be pract i ca l  and may not be permi tted i n  some a reas s i nce 
some of the Hub a rea i ncl udes U . S .  Nati onal Forest l and . It appea rs that 
el evat i on stat i c  cor rect i on ,  pl u s  automated l ong-peri od and s hort-peri od 
stat i cs wi l l  be adequate to effect su rface correcti ons . Shou l d i t  be 
neces s a ry to determi ne l ow vel oci ty l ayer  depths  and ve l oci ti es i n  the fi el d ,  
sha l l ow sei smi c refracti on s u rveys can be accomp l i shed .  The spat i al samp l i ng 
i nte rval of 165 feet shou l d be mai nta i ned th rou gh the proces s i ng .  I f  ho ri zon­
ta l ly t ravel l i ng noi se trai ns wi th wave l engths l onger than l65 feet a re 
p resent , i t  may be neces s a ry to comb i ne 2 or 3 g rou ps  per  channel  i n  p rocess ­
i ng .  The spec i fi cati ons wi l l  b e  submi tted i n  a fo rmat for pe rformance and 
p rocedu res cons i stent wi t h  I l l i noi s and Kentucky l aw and the I nte rnat i ona l  
Geophys i cal  Cont ract Manual . Qual i ty cont rol wi l l  be ensu red by a fu l l -t i me 
con s u l t i n g  qual i ty cont rol expert who wi l l  be res pons i b l e  to the proj ect 
d i rector and ass i gned to D r .  John Sexton ( Southern I l l i no i s  Un i vers i ty ) . 
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Sei smi c St rat i graphy 
I n  order to sel ect the best pos s i b l e  s i te wi thi n the Hub area a regi onal  
g ri d  of sei smi c data t i ed to ava i l ab l e  shal l ow wel l cont rol i s  es senti al . The 
reg i onal  and detai l ed refl ect i on sei smi c dat a ,  and the ava i l a bl e regi onal  
sei smi c l i nes and wel l l ogs i n  the southe rn I l l i no i s  Bas i n  wi l l  p rovi de the 
data base for i nterp ret i ng the sequence strat i g raphy p ri or to dri l l i n g .  The 
combi nat i on of a sequence strat i g raphi c and st ructu ral analys i s  wi l l  a i d  i n  
p reci s e  s i te sel ect i on .  
The appl i cat i on of sei smi c  strat i g raphi c i nterp ret at i on techni ques to 
sedi ment a ry bas i n analys i s  has resu l ted i n  a new way to subdi v i de ,  cor rel ate ,  
and map sed i ment a ry rock s  cal l ed sequence analys i s ,  whi ch uti l i zes sei smi c ,  
wel l ,  and out crop data to g roup rocks i nto chron ost rat i graphi ca l ly constrai ned 
genet i c  i nterva l s .  These i nterval s ,  cal l ed depo s i t i ona l sequences or su cces ­
s i ons of geneti cal ly rel ated st rata bou nded above and bel ow by unconformi t i es ,  
and systems tract s  o r  l i nkages of contemporaneou s depos i t i onal  systems bou nded 
above and bel ow by physi cal d i scont i nu i t i es wi thi n the sequences , have 
p redi ctabl e stratal patterns and l i thofaci es that ca n be recogn i zed i n  
outc rops , on wel l l og s ,  and sei smi c sect i ons . Depos i t i onal sequences and 
systems t racts provi de a new way to establ i sh a chronost rat i g raphi c 
co rrel at i on framework based on phys i cal as wel l  as bi ost rat i g raphi c 
cri t eri a .  Depos i t i onal  sequences correl ate throu ghout sed i menta ry bas i n s and 
p robably correl ate gl obal l y .  Parti cu l ar sets of depos i t i onal p roces ses , and 
thu s ce rta i n depos i t i onal  envi ronments and l i thofaci es , are associ at ed with 
part i cu l a r systems t racts . It  is  bel i eved that the fu ndamental cont rol of 
sequence strat i g raphy i s  sho rt-term eu stat i c  changes of sea l evel superi mpos ed 
on l onge r-term tecton i c  changes . Sequence st rat i g raphy has the potenti al to 
p rovi de a un i fyi ng con cept to sedi ment a ry rocks s i mi l a r  to the way pl ate 
tecton i cs p rov i d es a un i fy i ng concept for tecton i cs and st ructu re.  
I nterp retat i on 
I nterp retat i on of the ref ract i on/wi de- angl e refl ect i on dat a wi l l  i ncl ude 
t ra vel -t i me i nvers i on methods a nd synthet i c  sei smog ram model i ng .  Vel oci ti es 
for maj or  geol ogi c u n i t s  of the cru st i n  the I BUD area wi l l  be determi ned from 
the ref ract i on and refl ect i on p rofi l i ng data . I n i t i al i nterpretat i ons du ri ng 
the p roce s s i ng of the Phase I data wi l l  a i d  i n  defi n i ng of the exact l ocat i on ,  
geomet ry and pa ramete rs for the detai l ed refl ect i on p rofi l i ng d u ri ng Phase I I ;  
appl yi ng speci al i zed p roces s i ng  steps , and refi n i ng the process i n g steps for 
opt i mum record sect i on s .  
After  compl et i on o f  the Phase I and I I  data acqu i s i t i on and process i ng ,  a 
un i fi ed i nterpretat i on of a l l sei smi c data wi l l  be performed by the resea rch 
team . Thi s i nterp retati on wi l l  al so i nteg rate the p revi ous sei smi c stud i es i n  
the a rea as wel l as potent i al -fi el d data and geo l ogi cal i nformat i on ,  i nc l ud i ng 
subsu rface data from deep dr i l l hol es ( see Admi n i strat i ve St ruct u re for 
res pons i bi l i t i es ) .  
Potent i a l Fi el d St udi es 
Gravi ty and magnet i c  anomaly studi es i n  and a round the Hub a rea a re v ita l  
geophys i cal components of  the I BUD s i te defi n i t i on p rog ram . G ravi ty and 
magnet i c stud i es ,  i n  concert with sei smi c and magnet otel l u r i c studi es , wi l l  
p rovi de val uabl e geophysi cal i nformat i on on the regi onal and l ocal geol ogy of 
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the Hub s i t e .  The acqu i s i t i on ,  process i ng ,  and i nterpretat i on of gravi ty and 
magnet i c  data a re ext remely cost effect i ve .  Thei r cost i s  but a fract i on of 
the i r sei smi c cou nterparts . 
The regi onal  grav i ty and magnet i c  cove rage needed for the ! BUD s i t e  wi l l  
be extended beyond the geog raphi cal l i mi ts of the Hub s i te to i ncl ude profi l e  
cove rage a l ong the regi onal  sei smi c fract i on a nd refl ect i on l i nes , whi ch 
extend beyond the boundari es of the Hub s i t e .  Areal gravi ty and magnet i c  
coverage beyond the Hub s i te i s  req u i red t o  devel op the regi ona l framewo rk of 
the a rea and to mi n i m i ze the ed ge effects that occur duri ng the p roces s i ng of 
dat a .  P rof i l e  coverage al ong the regi on al  sei smi c l i nes serve to const rai n 
the i nt e rp retat i ons of the sei smi c dat a .  
The avai l abl e gra vi ty data set s  i n  and a round the H u b  area d o  not meet 
the cu rrent req u i rements for cons i stency ,  stat i on dens i ty ,  and accu racy . 
D i s cont i nu i t i es between su rveys conducted at d i ffe rent t i mes by di ffe rent 
i nvest i gators us i ng d i ffe rent i nst ruments ,  standa rds , and process i ng 
techn i q ues wi l l  cause seri ous degradat i on of the resu l ts  produced by modern 
quant i t at i ve p rocessi ng of the d at a .  I t  is i mportant that a coherent g ravi ty 
dat a set be obt a i ned i n  and arou nd the Hub s i t e .  The gravi ty data can be 
obt a i ned by occupy i ng avai l ab l e a nd acceptabl e s i t es w ith adequate el evat i on 
cont rol . 
Si nce cons i stency i n  areal magnet i c  coverage i s  al so  i mport ant , the 
avai l ab l e aeromagnet i c  data shou l d  be suppl emented by a ground magnet i c  s u rvey 
condu cted concu rrent ly with  the a real grav i ty su rvey .  Such a su rvey i s  a cost 
effect i ve way to obta i n qual i ty a real dat a ,  p rovi d i ng care i s  exe rci s ed to 
el i mi nate cu l tu ra l  and nea r-su rface geol ogi c noi s e .  
Reg i onal gra v i ty a nd magnet i c  p rofi l e  coverage i s  requ i red al ong regi onal  
and det a i l ed sei smi c refract i on and refl ect i on l i nes . Extens i ve el evat i on 
cont rol wi l l  be created d u ri ng the sei smi c su rveys to ai d acqu i s i t i on of 
gravi ty dat a .  The ground magnet i c  data wi l l  be acq u i red u s i ng  a t ruck-mou nted 
magnetometer system owned by the USGS . Thi s  system i s  capabl e of col l ect i ng 
data at 7-meter ( 20-foot ) i nterva l s wi th the i nst rument t ravel i ng at 20 mi l es 
p·er hou r .  Negl ect i ng head i ng e rror and cul tu ral noi se ,  system accu racy i s  
pl u s  or mi nus  2 gammas . Thi s system wi l l  be used i n  al l the pl anned �rou nd 
magnet i c  su rvey i ng .  Al thou gh P recamb ri an basement l i es at great depth wi thi n 
the study areas , the detai l ed t ruck-mou nted magnet i c  su rvey may provi de 
val uabl e i nformat i on on shal l ow i nt rus i ve bod i es ,  poss i b l e  mi neral i zat i on 
a l on g faul ts , and featu res t rendi ng  para l l e l to  or lyi ng  between fl i ght l i nes 
of exi st i ng aeromagnet i c  su rveys . 
Al though potent i al fi el d dat a are not un i qu e ,  these dat a ,  i n  part i cu l a r  
the g rav i ty dat a ,  provi de s i gn i fi cant const rai nt on the i nterp ret at i on of the 
sei smi c dat a .  Ocol a and Meyer ( 1973 )  state : 11 The correctness of the 
( sei smi c )  model so deri ved i s  adjudged by comput i ng the model 1 s  g ravi tat i onal  
effect •••• and by compari son wi th observed gravi ty . 1 1 
Acqu i s i t i on of new grav i ty a nd ground magnet i c  data i n  a nd adj acent to 
the Hu b s i te that cannot be obtai ned by the truck-mou nted magnetometer system , 
wi l l  be accomp l i shed by Northe rn I l i noi s Un i vers i ty ( N I U ) and the I l l i noi s 
Stat e Geol ogi cal Su rvey · ( ! SGS)  c rews u s i ng N I U  LaCoste-Romberg equ i pment and 
i nst rumentati on under the di rect i on of D r .  C .  P. E rvi n and Dr. P .  C. Hei gol d ,  
i n  consu l tat i on wi th D r .  T .  C .  Hi l denbrand . U . S . Geol ogi cal Survey person nel  
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wi ll be respons i ble for the acqu i s i t i on of all g round magnet i c  data gathered 
wi th the t ru ck-mou nted magnetometer  system . 
G ravi ty and grou nd magnet i c data wi ll be reduced at N I U ,  the ISGS , and 
the USGS . P reli mi nary modeli ng wi ll be done at N I U  and the I SGS . Map 
generat i on and the fi nal data  p roces s i ng  wi ll be done unde r the d i rect i on of 
H i ldenb rand at the USGS . I nterp retat i on of the p roces sed data i s  a nt i c i pated 
to be a cooperat i ve effo rt by Drs . T .  c .  Hi lden b ra nd , P .  C .  Hei gold , C .  P .  
E rv i n ,  and W .  J .  H i nze.  
Afte r regi onal grav i ty and  magnet i c  data have been assembled for  the 
study a rea , standard g ri dd i ng and plott i ng p rocedu res wi ll be employed to  
p rocess  the data to map form . The magnet i c  su rveys wi ll be  sta ndardi zed t o  a 
selected refe rence elevat i on above ground level . The p rocess req u i red to  
comp i le a cons i stent magnet i c  dat a set i nvolves cont i nuati on of data to a 
reference su rface,  i nteg r i ty adj ustments to achieve data compatabi l i ty ,  and 
careful appli cat i on of spli ci ng techni q ues to me rge the data . The ava i l­
abi li ty of a d i g i tal,  compat i ble magnet i c  data set wi ll allow calculat i on of a 
vari ety of cha racteri st i cs , such as wavelength or t rend . 
F i lteri ng operat i ons wi ll be carri ed out to convert the data to a form 
that enhances li thologi c a nd st ructu ral bounda ri es followi n g  the assembly of 
hi gh-quali ty and con s i stent magnet i c  and g ravi ty data sets . These ope rat i ons 
gene rally i nclude ( 1 )  reduct i on of magnet i c  data to the pole , an attempt to 
shi ft anomaly patterns d i rectly above the associ ated sou rces ; ( 2 ) fi rst 
vert i cal deri vat i ve of the gra v i ty and magnet i c  data , to  sharpen or  resolve 
hi gh-g radi ent anomali es ; ( 3 ) g rad i e nt of the g rav i ty and pseudo-g rav i ty 
fi elds , to deli mi t lithologi c or structu ral bou nda ri es ; ( 4 )  regi onal- res i du al 
g rav i ty anomaly sepa rat i on ,  to sepa rate near-su rface sou rces from deep 
sou rces ; and ( 5 )  shaded magnet i c  and gravi ty reli ef analys i s ,  to enhance 
anomaly t rends . A cons i de rable amount of add i t i onal potent i al fi eld 
i nformat i on can be obtai ned by study of f i lt e red anomaly maps . Analys i s  of 
all the compi led maps by the mult i d i sci pli na ry teams wi ll result i n  consi stent 
and thorough study of all potent i al fi eld dat a  acq u i red . 
Depths to magnet i c  basement a nd p ropri eta ry reflect i on sei sm i c  data of 
the study a rea suggest that the north-t rend i ng Reelfoot Ri ft and the west­
t rend i ng Rough C reek G raben i ntersect in  southe rn I lli no is  and weste rn 
Kentucky . Further regi onal potent i al fi eld quant i tati ve analys i s  and 
compar i son wi th reflect i on sei smi c data is requ i red to better u nde rstand the 
reg i o n  of i ntersect i ng grabens , i . e .  the Hub s i t e .  Potent i al fi eld analys i s  
wi ll i nclude appli cat i on of several i ndependent i nvers i on techn i ques i nclud i ng 
bas i c  Vacq u i er  i nvers i on ,  We rne r  deconvolut i on , s i multaneou s li nea r i nvers i on 
of magnet i c  and g ravi ty dat a ,  and Talwan 1 -type i nvers i on to obt a i n average 
est i mates of depth to crystalli ne basement . Maj or  i nd i v i dual  anomali es and 
selected p rofi les t ransect i ng g rabens and fault zones wi ll be analyzed for 
depth sou rces . The result i ng gene rali zed basement depth map of the Hub a rea 
wi ll a i d  studi es of I lli noi s Bas i n  st ructu ral development and wi ll flag a reas 
req u i r i ng more detai led analys i s .  
Detai led modeli n g  of the regi onal potent i al fi eld data wi ll be done to 
ascertai n the geomet ry a nd physi cal p ropert i es of pert i nent geologi c  featu res . 
A 2 1/2 d i mensi onal modeli ng p rog ram based on generali zed i nve rs i on theo ry 
wi ll be employed to s i mult aneously i nvert g rav i ty and magnet i c  data . The 
prog ram requ i res an i n i t i al est i mate of depth , shape , den s i ty ,  and suscept i ­
b i l i ty of sou rces , and then vari es selected pa ramete rs i n  an attempt to reduce 
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the wei ghted root-mean-squa re error  between the observed and ca l cu l ated 
g rav i ty and magnet i c  fi e l ds .  The geomet ry and physi cal p rope rt i es of i nter­
est i ng featu res wi thi n the crust can then be determi ned . 
Avai l abl e d ri l l ho l e  i nformat i on ,  s i mu l taneous i nvers i on of g ravi ty and 
magnet i c  dat a ,  sei smi c ref l ect i on and refract i on data , and geol og i c  reason i ng 
wi l l  resu l t i n  i dent i fi cat i on of a speci fi c area wi thi n the Hub a rea that i s  
the l i k ely  ta rget fo r the I BUD . Thi s area wi l l  be subj ected to more detai l ed ,  
l ocal i zed sei smi c refl ecti on , grav i ty ,  and grou nd magnet i c  su rvey i ng ori ented 
towa rd s i te sel ect i on .  
Phase  I I  sei smi c refl ect i on profi l i ng wi l l  al s o  provi de many new l oca­
ti ons wi th el evat i on cont rol s .  These l ocati ons wi l l  be occupi ed d u ri ng the 
detai l ed Phase I I , g ravi ty and ground magnet i c  su rvey i ng for reasons  s i mi l a r 
to those g i ven i n  the d i scuss i on of the regi onal g rav i ty and ground magnet i c  
work for Phase I .  Phase  I I  areal gravi ty and ground magnet i c  cove rage wi l l  
requ i re new l ocat i ons wi th approp ri ate el evat i on cont rol . A c l ose-spaced , 
t ruck-mounted magnetomete r  su rvey wi l l  be app rop ri ate . P roces s i ng and analy­
s es of the Phase I I  potent i al fi el d data  wi l l  be anal agous to the reg i onal 
procedu res . 
Magnetotel l u ri c  I nvest i gat i on 
Magnetotel l u ri c sound i ngs of geol ogi cal and geophys i ca l  target s such as 
und i s tu rbed c ru s t ,  the Rough C reek Fau l t ,  the Shawneetown Fau l t ,  the Lusk  
Creek Fau l t  Zone , the Rough C reek Graben , and  the Ten nessee- I l l i noi s-Kentucky 
Magnet i c  L i neament wi l l  be i nvest i gated by l ocat i on of sound i ngs at a stati on 
spaci ng l ess  than or equal  to 4 k i l ometers ( 2 . 5  mi l es )  a l ong the p roposed 
reg i onal sei smi c  l i nes . Add i ti onal Phase I I  magnetotel l u ri c  soundi ngs w i th 
cl oser  spaci r:igs wi l l  be l ocated wi thi n the 15  by 1 5  k i l ometer  ( 9  by 9 mi l e ) 
a rea of conce rn together wi th the pl anned detai l ed sei smi c refl ect i on and 
det ai l ed grav i ty and ground magnet i c  su rvey . 
The acqu i s i t i on of the magnetotel l u ri c data wi l l  be superv i s ed by D r . W .  
D .  Stanl ey uti l i z i ng eq u i pment o f  the USGS . I nterp retat i on wi l l  be performed 
us i ng standard USGS i nvers i on al gori thms . Magnetotel l u r i c  i nterp retat i on wi l l  
be constra i ned i n  an i terat i ve app roach us i ng i nterpretat i ons deri ved f rom the 
col l ateral stud i es .  
ADMI N I STRAT I VE STRUCTURE AND MANAGEME NT PLAN 
I nt roduct i on 
The p roposed I BUD s i te defi n i t i on resea rch prog ram �equi res an  admi n i s ­
t rat i ve st ructu re and rel ated management pl an that wi l l  i nsu re a cost­
effect i ve operat i on l ead i ng to the successfu l  acq ui s i t i on ,  proces s i ng ,  and 
i nte rp retat i on of the data req u i red to s i te the I BUD i n  a t i mely manne r .  The 
res ea rch pl a n  ci ted above can on l y  be achi eved i f  respons i bi l i t i es and l i nes 
of commun i cat i on a re estab l i shed that wi l l  prov i de for the req u i red i ntegra­
t i on of i nterd i s ci p l i nary resu l ts and i nterpretat i ons  and the t ransfe r  of the 
i nteg rated i nterp ret at i on and recommendat i ons to I BUD management . 
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Admi n i s t rat i ve St ruct u re 
F i gu re 25 establ i s hes the admi n i st rat i ve struct u re of the el ements of the 
program . The I l l i noi s State Geol ogi cal Su rvey wi l l  manage the s i te defi n i t i on 
and s i te sel ect i on p roj ects on behal f of and i n  cooperat i on wi th the fund i ng 
agenci es .  ! BUD management wi l l  be expanded i n  a manner cons i stent wi th the 
organ i zat i on requ i red by or negot i ated wi th  the fundi ng  agen cy .  
The ! BUD management wi l l  be advi sed by a n  I BUD Sc i ent i fi c  Ad v i s o ry 
Commi ttee cons i st i ng of : 
Dav i d  Ande rson - Uni vers i ty of I l l i noi s 
Thomas C .  Bushba ch - I l l i no i s  State Geol og i cal Survey 
Wi l l i am J .  Hi nze - Pu rdue  Uni vers i ty 
Marcus E .  Mi l l i ng - Ch i ef Geol og i st ,  Arco Oi l and G as Company 
Raymond Si ever - Ha rvard Uni vers i ty 
Lau ren ce S l oss - Northweste rn Un i vers i ty 
Ri chard Stea rns - Vanderbi l t  Un i vers i ty 
Peter R .  Va i l  - Ri ce Un i vers i ty 
Jan  van Sant - V i ce P res i dent Resea rch , Pennzo i l Expl orat i on and 
P roduct i on Company 
The admi n i st rat i ve struct u re ut i l i zes d i s c i p l i ne-ori ented , i nvesti gat i ve teams 
that a re respons i b l e  for t he vari ous geophys i cal su rveys u nder the gu i dance of 
the  Si te  Def i n i t i on Stee ri ng Commi ttee . 
The ! BUD  P roj ect D i rect o r ,  Mr.  J .  J ames Ei del , wi l l  have the respons i bi ­
l i ty of d i rect i ng the sci ent i fi c and admi n i st rat i ve ta sks of the p roj ect and 
ensu ri ng t i mely and sat i sfactory fu l fi l l ment of the proj ect goal s .  The ! BUD  
P roj ect D i rector wi l l  serve as  an ex-offi c i o member of  t he S i te Defi n i t i on 
Steeri ng Commi ttee � wh i ch wi l l  answer  di rectly  to the ! BUD  management . Th i s  
commi ttee wi l l  be respons i b l e  for the qual i ty of the sc i ent i f i c  p roduct ; 
t i mely  commun i cat i on ,  report i n g ,  i nteg rat i on of resu l t s ;  and recommendat i on of 
s i t e ( s )  to the S i te Sel ect i on Panel , wh i ch wi l l  i nc l ude t he S i te Defi n i t i on 
Commi ttee. Wi th  the a i d  and adv i ce of the extern a l  S i t e  Defi n i t i on ( Geo­
phys i cal ) Advi sory Commi ttee , the S i te Defi n i t i on Steeri ng Commi ttee wi l l  
mon i tor al l el ements of the stud i es from pl ann i ng  to fi nal  i nterp retat i on and 
recommendat i on .  Al l cont racts to be l et by the subcont ractor sci ent i sts must 
be app roved by ! BUD management . 
The Steeri ng  Commi ttee wi l l  operate u nder a des i gn ated cha i rman , Wi l l i am 
J .  H i nze and wi l l  have overa l l  res pons i b i l i ty for the s i te defi n i t i on program . 
They wi l l  establ i sh l i nes of commu ni cat i on wi th and be advi sed by a S i t e  
Def i n i t i on Advi sory Commi ttee. 
The Site Defi ni t i on Ad vi sory Commi ttee wi l l  be organ i zed by the Steeri ng 
Committee wi th the advi ce and approval of t he ! BUD management . I t  wi l l  con­
s i st of 10 sen i or sci ent i sts  from academi a ,  i ndu stry ,  and governmenta l  
agenci es who a re not d i rect ly rel ated to  the ! BUD prog ram , but a re recogn i zed 
experts  i n  conduct i ng and i nterp ret i ng geophy s i cal prog rams . The Si te  Defi ­
n i t i on Advi sory Commi ttee wi l l  ope rate under a des i gnated chai rman ,  p rovi de 
t i mely  advi ce to al l i nvest i gat i ve teams , and ass i st the S ite  Defi n i t i on 
Stee ri ng Committee i n  rev i ewi ng and mon i tori ng a l l  phases of the prog ram from 
pl ann i ng to  fi nal  i nterp retat i on .  The rol e of the commi ttee wi l l  be advi sory .  
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REFLECTION STUDIES � GEOLOGIC STUDIES 
Lidiak, Nelson, Vail Braile, Keller, Sexton 
Figure 25. IBUD Site Definition Management Plan. 
Sexton, Braile, Vail 
GRAVITY STUDIES 
Heigold, Ervin, Hinze, McGinnis 
I--+- MAGNETIC STUDIES 
Hildenbrand, Heigold, Hinze 
SEISMIC STRATIGRAPHY 
Vail, Sexton, Braile, McGinnis 
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The membe rs of each di s ci p l i ne-o ri ented i nvest i gat i ve team a re l i sted on 
F i gu re 25 . The member l i sted f i rst is the des i gnated cha i rman . The chai rmen 
wi l l  have res pons i bi l i ty for recommendi ng al l sci ence and fi nanci al  aspects of 
the team ' s  prog ram and for ca rryi ng out a l l app roved recommendat i ons regard i ng 
thei r proj ect . Deci s i ons rega rdi ng  sci ent i fi c  and fi nanci al  matters by the 
i nvest i gati ve t eams wi l l  be subj ect to revi ew by the S i te Defi n i t i on Steeri ng 
Commi ttee and the Si te Defi n i t i on Advi sory Commi ttee to i nsu re that the 
stud i es and f i nances of the i nd i v i dual i nvest i gat i ve teams a re compat i b l e  and 
coo rd i n at ed wi th the overa l l obj ect i ves of the project . 
Geophysi cal data wi l l  be made avai l ab l e  to a l l  membe rs of the S i te 
Def i n i t i on Commi ttee for i nterp ret at i on .  The chai rmen of each i nvest i gat i ve 
team wi l l  have the respons i b i l i ty of i nteg rat i ng the i nterp retati ons of hi s 
team . The Si t e  Defi n i t i on Steeri ng Commi ttee wi l l  have the respons i b i l i ty of 
b ri ngi ng together the i nterp retati ons i ntegrat i ng the i nvest i gati ve team 
repo rts , and recommendi ng an I BUD s i t e  or si tes . P ri me respon s i b i l i t i es of 
the i nvest i gat i ve teams i ncl ude report i ng resu l ts  i n  a t i mely fashi on at 
regu l a r  i nterval s and the i ntegrat i on of i nterp retat i ons  of i nvest i gat i ve 
teams . 
Quart erly , annual  and f i nal wri tten report s wi l l  be requ i red of al l 
segments of the program to moni tor p rog ress and achi eve desi red i nteg rat i on of 
i nterpretat i ons . Conferences wi l l  be hel d  throughout the p roj ect , i nc l ud i ng 
wo rk i ng g roup meet i ngs whe re the i n vest i gat i ve t eams wi l l  report to each other 
i nformal l y  on p rogres s ,  pl ans , probl ems , and resu l t s .  These  meet i ngs wi l l  
serve to i nteg rate the resu l ts of the vari ous stud i es .  Add i t i onal meet i ngs 
wi l l  be hel d  as requ i red to revi ew the progress  of the prog ram wi th the S i t e  
Defi n i t i on Adv i s o ry Commi ttee, the I BUD Coord i nat or a nd management , and DOSECC 
rep resentat i ves . 
SCHEDULE OF ACT I V I T I ES 
The schedu l e  of act i v i t i es for the I BUD s i te defi n i t i on i s  summa ri zed i n  
Tabl e I V  wi th a b reakdown for ea ch i nvest i gat i ve team . By judi c i ous  
tel escopi ng of  effort , the s i te defi n i t i on p rog ram that wou l d  normal ly take  2 
1/2  yea rs cou l d be comp l eted i n  two yea rs i nc l udi ng data  acq u i s i t i on ,  
p roces s i ng ,  and i nterp retat i on .  
The fi rst yea r wi l l  focu s on reg i onal  stud i es withi n and i mmedi ately 
adj acent to the Hub s i te for the p u rpose of cha racteri z i ng the regi onal  
geol ogy of the crust wi thi n the a rea and i dent i fyi ng an approxi mately 15  by 15  
k i l ometer (9  by 9 mi l e ) s i te for detai l ed study .  The second year wi l l  focu s 
on detai l ed study of thi s s i te .  The fi nal  6 months of the p rog ram wi l l  
i nvol ve the S i te Defi n i t i on Commi ttee i n  s i te sel ect i on i ncl udi ng fi nal p re­
S i t e  Sel ect i on Work shop ana l ys i s and re- i nterp ret at i on ,  i nt e ract i on w ith the 
I BUD coordi nator ,  part i c i pat i on i n  the S i te Sel ect i on Work shop , and 
recommendat i o n  of s i te ( s )  to I BUD management . 
TABLE IV 
Schedul e  of Acti viti es ,  IBUD Site Defini tion Project 
Activities 
Award of G rant 
Geo l ogi c I nvest i gat i ons 
P a l eozo i c  Geol ogy 
-Acq u i re l ogs & maps 
-Synthes i ze data i nto map s ,  etc .  
- I nteract wi t h  other stud i es 
Basement Geol ogy 
-Acq u i re l ogs and samp l es 
-An a l yze samp l es 
- I nteract with ot her studi es 
Reg i onal Refl ect i on Sei s m i c  P rog ram 
-Speci fy sei smi c l i nes and i ni t i a l  
acqu i s i t i on pa rameters 
-Cont ract i ng & permi tt i ng 
- F i el d  tests & data acqu i s i t i on 
-Data p rocess i ng 
- I nterp ret at i on 
- I nteract wi th ot her studi es 
Detai l ed Refl ect i on Sei smi c  P rog ram 
-Speci fy sei smi c l i nes & i n i t i al 
acqu i s i t i on p a ramet ers 
-Cont ract i ng & permi tti ng 
-Fi e l d  tests & DHTA acq u i s i t i on 
-Data p roces s i ng & analys i s  
- I nterp retat i on 
- I nteract wi th other studi es 
Crustal Ref l ect i on and Refract i on Sei smi c P rogram 
-Speci fy sei smi c l i nes 
-Cont ract i ng & permi tt i ng 
Year 1 Year 2 
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 
Year 3 
1 2 3 4 5 6 
Acti vi ties 
-Data acqu i s i ti on 
-Data proces s i ng & ana l ys i s 
- I nterpretati on 
- I nteraction wi th other studi es 
Regi onal Gra v i ty & Magneti c Program 
-Assembl e ,  eval uate & i ntegrate ava i l abl e 
gra v i ty & magneti c data 
- Prepare reg i onal gra v i ty & magnet i c  
anomal y  maps 
-Acqui red process regi onal gra v i ty 
magneti c data 
-Model i ng & I nterpretati on 
- I nteract wi thother stud i es 
Deta i l ed Gravi ty & Magneti c Program 
-Acqu i re & process deta i l ed gra v i ty & 
magnet i c  data 
- Prepare detai l ed maps 
-Model i ng & i nterpretat i on 
- I nteract wi th other studi es 
Magnetote l l uri cs Program 
-Sel ecti on of soundi ng s i tes & 
acqu i s i tion parameters 
-Regi onal data acqui s i ti on 
-Deta i l ed data acqu i s i ti on 
-Model i ng & i nvers i on 
- I nterpretation·  
- I nteract with other stud i es 
Reports 
Conferences 
TABLE IV (conti nued) 
Year 1 




















The personnel i nvolved in t h i s p roj ect a re experi enced seni or  
i nvest i gators who have p revi ously organi zed , conducted , i nt erp reted , and 
repo rted on studi es i n  the mi dcont i nent reg i on .  The Stee ri ng Commi ttee of t he 
I BUD Si te Defi n i t i on p roj ect cons i sts  of W illi am J .  Hi nze , chai rman ,  Paul C .  
Hei gold , Thomas G .  H i ldenb rand , and Lyle McGi nn i s .  The P roj ect D i rect or i s  J .  
J ames E i del. 
J .  James Ei del i s  P ri nci pal Geologi st  and Head of the M i ne ral Res ou rces 
G roup of the I lli noi s State Geologi cal Su rvey .  He was formerly the U . S .  
Explo rat i on Manage r for the Hanna Mi n i ng  Company and managed world-wi de 
explo rat i on efforts for 18 yea rs . He is  a former member of the NAS/ NRC 
Cont i nental Sci ent i f i c  Dri lli ng Commi ttee and Vi ce-P res i dent and Chai rma n  of 
the Resea rch Commi ttee of the Soci ety of Econom i c  Geolog i sts . H i s  resea rch 
efforts focus  on the ri ft-related ori g i n of the st ruct u rally cont rolled 
mi nerali zat i on of the southe rn I lli no i s  Bas i n .  
W illi am J .  Hi nze  i s  P rofessor  of  Geophy s i cs at  Pu rdue Uni ve rs i ty and a 
lead i ng author i ty on m i dcont i nent geophys i cs . He h as been i nvolved i n  a 
vari ety of regi onal and detai led geophysi cal su rveys i n  the mi dconti nent for 
over 30 yea rs . Most recently he was co-p ri nci pal i n vesti gator on one of the 
maj o r  proj ect s  of the U . S .  Nuclea r Regulatory Commi s s i on 1 s  New Madri d Sei smo­
Tect on i c  P rog ram . He i s  a member of numerous nat i onal a nd i nternati onal 
sci ent i fi c  bod i es and forme rly was a member of the U . S .  Cont i nent al Sci ent i fi c  
Dri lli ng Commi ttee . 
Paul c .  Hei gold i s  Lead Geophys i c i st at the Illi noi s State Geologi cal 
Su rvey .  Over the past 24 yea rs wi th the Illi noi s Su rvey he h as been act i ve i n  
g rav i ty ,  mag net i c ,  sei smi c ,  and res i st i v i ty stud i es th roughout the Illi noi s  
Bas i n .  He has maj or resea rch i nterest i n  explo rat i on geophysi cs and 
earthquake sei smology . Hi s pu bli cat i ons cover a broad range of I lli no i s  Bas i n  
geophys i cal subj ect s .  
Thoma s G .  H ildenb rand i s  Sect i on Chi ef , Cont i nental I nteri or Geophysi cs 
Sect i on ,  B ranch of Geophys i cs ,  U . S .  Geologi cal Su rvey . D r .  H i ldenbrand i s  a 
member  of nume rou s U . S .  Geolog i cal Su rvey and n at i onal committees  deali ng  wi t h  
potenti al-fi eld dat a .  H e  i s  t h e  lead pe rson i n  t h e  p repa rat i on of the 
G rav i ty Anomaly Map of North Ameri ca . Hi s p ri nci pal resea rch i nterest a re 
regi onal geophys i cs ,  tecton ophys i c s ,  and mathemat i cal geophys i cs .  He has  
extens i ve mi dcont i nent experi ence and was one of the fi rst to recogni ze  
mi dcont i nent ri ft i n g .  
Lyle D .  McGi nn i s i s  cu r rently Manager ,  Geology and Geophy i cs Sect i on ,  
E ne rgy and Envi ronmental Systems Di v i s i on ,  Argonne Nat i onal Laboratory .  D r .  
McGi nni s has had a di st i ngu i s hed ca ree r a s  a geophysi cal educator  and resea rch­
e r .  He has conducted geophysi cal p rog rams i n  a wi de range of te rrai ns and 
cou n t ri es .  A maj o r  i nterest i s  the geophys i cs and tect on i cs of the U . S .  con­
t i nental i nteri or  where he was f i rst to i dent i fy the Reelfoot R i ft wi th C .  
Pat ri ck Ervi n .  
Peter R .  Vai l i s  W .  Mau ri ce Ewi ng Professor  o f  Oceanography at R i ce 
Un i vers i ty .  He was fo rme rly Sen i or Resea rch Sci enti st wi th E xxon P roduct i on 
Resea rch i n  Houston . He i s  DNAG co-chai rman on Sedi ment a ry Cover of the 
C raton , member of the COCORP Advi sory Commi ttee, and was SEG D i st i ngui shed 
Lect u rer  and SEPM Di st i ngu i shed Guest Speaker.  D r .  Vai l i s  an ori g i nator of 
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the sci ence of  sei smi c st rat i g raphy and organi zed the  AAPG-SEG School on 
St rat i g raph i c  I nt rep ret ati on of Sei smi c D at a .  He was AAPG D i st i ngui shed 
Lectu re r. 1975-76 . 
The fol l owi ng  geophys i ci sts  and geol og i sts  wi l l  serve as p ri nci pal  
i n vest i gators on t he I B UD S i te Defi n i t i on P rogram : 
Law rence W .  Bra i l e  i s  Professor of Geophys i cs at Pu rdue Uni ve rs i ty .  
P rof .  Brai le  has a broad range of experi ence i n  c rustal  sei smol ogy , potent i al ­
fi el d dat a ,  and tecton i c s .  He served as co-p ri nci pal  i nvesti gator on the NRG 
New Mad ri d Sei smo-Tecton i c  P rog ram and cu rrently serves on numerous n at i onal 
and i nternat i onal commi ttees i nc l udi ng the U . S .  Commi ttee on Sei smol ogy .  
C .  Pat ri ck E rvi n i s  P rofes sor of Geophysi cs at Northern I l l i noi s 
Un i ve rsi ty .  He has ca rri ed out and i nterp ret ed many of the maj o r  gravi ty 
su rveys i n  the M i dcont i nent . Al ong wi th D r . McGi nn i s ,  he was the fi rst to  
recogni ze the geophy s i cal  s i gnatu re of  the Reel foot R i ft associ ated wi t h  the  
Mi s s i ss i pp i  Embayment and the  New Mad ri d  R i ft Comp l ex .  
G .  Randy Kel l e r i s  P rofes sor of Geophys i cs at the Uni vers i ty of Texas , E l  
Pas o .  He  i s  a recogni zed authori ty on both c rustal sei smi c studi es and 
pot ent i al - f i el d dat a .  He has supervi sed and conducted geophys i ca l  su rveys  on 
a worl d-wi de bas i s  and i s  noted for h i s  p i oneeri ng geophys i cal and tecton i c  
studi es i n  the eastern mi dcont i nent . 
E . G .  L i di ak  i s  Profes sor of Geol ogy at the Uni vers i ty of P i tt s bu rgh . Dr .  
L i d i ak has been act i vely i nvol ved i n  mapp i ng and i nterp ret i ng the basement 
rock s  of the mi dconti nent for 30 yea rs . He has wri tten exten s i vely on t h i s 
subj ect and was a p ri nci pal i nvest i gator on the NRG New Mad ri d Sei smo-Tectoni c 
P rogram . Hi s i nterests cove r the pet rol ogy and i sotop i c  age dat i ng of the 
basement rocks  of the mi dcont i nent and the geol ogi c s i gn i fi cance of potent i a l ­
fi e l d dat a .  
W .John  Nel son i s  Associ ate Geol ogi st  w i t h  the I l l i noi s State Geo l og i cal  
Su rvey .  I n  recent yea rs h i s  efforts have been devoted to ext ens i ve su rfa ce 
and subsu rface mappi ng of the southern I l l i noi s Bas i n .  He has wri tten 
extens i ve ly  on the Rough Creek G ra ben and t he associ ated fau l t i ng st ru ctu re 
and tecton i cs and served as an i nvest i gat or on the U . S .  Nuc l ea r  Regu l atory 
Comi ss i on ' s  New Mad ri d Se i smo-Tect on i c  Study .  
W .  Dal  Sta n l ey i s  Chi ef of Sha l l ow C rustal Geophys i cs Sect i on ,  Bra nch of 
Geophysi cs , U . S .  Geol og i cal Su rvey .  H i s  maj or resea rch i nte rests are 
el ect romagnet i c  and sei smi c expl o rat i on methods , crustal  conduct i v i ty 
st ructu res and regi onal tectoni cs . He has publ i shed extensi vely on the 
appl i cat i on of the magnetotel l u ri c to crustal geol ogi c probl �ms . 
John L .  Sexton i s  P rofessor  of Geophysi cs at Southe rn I l l i no i s  
Un i vers i ty .  H e  has extensi ve sei smi c exp l orat i on experi ence both i n  academi a 
and the pet rol eum exp l o rat i on i ndust ry .  H i s  res earch has i n vol ved both  
convent i onal  and  h i gh-resol u t i on sei smi c exp l o rati on w ith i n va ri ou s el ements 
of t he New Mad r id  R i ft Compl ex .  
These bri ef rev i ews o f  t h e  seni or person nel o f  t h e  p roj ect are supp l e­
mented by attached v i t a .  
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BUDGET EXPLANATION 
The fol l owi ng  two and one-hal f  year budget i s  keyed to the si te 
def i n i t i on Schedul e  of Acti v i ti es, ta bl e I V . 
The Board of Trustees of the Uni versi ty of I l l i no is  at Urbana-Cham pa i gn 
wi l l  be pri me contractor for the si te defi n i ti on· research on beha l f  of the 
I l l i no is  State Geol ogical  Survey . The Uni versi ty ' s  Grants and Contracts 
adm i n i strati on wi l l  have pri nci pa l  responsi bi l i ty for busi ness affa i rs for the 
proj ect . The I l l i no is  State Geol og ica l  Survey wi l l  function  as techn i cal 
manager assuri n g  that al l techn i cal  reports are prepared and del i vered as 
requ i red . 
Spec if ic  research proj ects such as the refl ect ion and  refracti on sei sm i c, 
gravi ty, magnetic and magnetotel l ur ic  stud i es w i l l  be handl ed as su bcontracts 
to Argonne Nati onal  Laboratory, Purdue Un i versi ty, Northern I l l i no is  
Uni versi ty, Southern I l l i no i s  Uni versi ty, Uni versi ty of Pi ttsburgh, the 
Uni versi ty of Texas-El Paso and the Un i ted States Geol ogi cal Survey . 
The proposed management p l an, Fi gure 25, provi des a si ng l e poi nt of 
contact for both fi nanc i a l  and techn ical  admi n i stration . Under Federal 
accoun ti n g  procedures most of the costs of the research su bcontracts are 
excl uded from the base for i nd i rect cost recovery, thus the u n i fi ed proj e·ct 
management system i ntroduces smal l add i ti onal  cost, i . e .  4 percent o-f the 
tota l cost .  
The fol l owi n g  Budget Summari es l i st annual  deta i l ed costs for techn i ca l  
project admi n i strati on by t h e  I l l i no i s  State Geol og ical  Survey, the S i te 
Defi n i t i on Steeri n g  Group and the S i te Defi n i t i on Adv i sory Panel  and  total 
costs of research su bcontracts and associ ated i nd i rect costs . Total s  l i sted 
for each subcontractor i ncl ude i nsti tuti onal i nd i rect costs . 
The deta i l ed budgets fol l owi n g  the annual  budget summari es l i st the tas ks 
to be performed by each subcontractor . 
The si te sel ect i on program i s  expected to requ i re a bout 2 1/2 years and 
to cost approxi matel y $3. 8  m i l l i on .  Costs are prel im i nary and subject to 
further negoti ati on i n  part because geophys i ca l  contract pri ces can not be 
hel d to cost estimates if  the economi cs of the o i l and gas i ndustry i mprove 
and because determ i nati on of i nd i rect costs is dependent u pon the source of 
funds and the timi ng  of appropri ati ons . 
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BUDGET - SITE DEFI NITION - ILL I NOIS BASI N  ULTRADEEP DRILLHOLE 
I BUD P roj ect Admi n i st rat i on - I SGS 
Personnel 
Admi n i strat i ve Ass i stant 
Cl eri cal ass i stance 
Benefi ts @ 14 .625% 
TOTAL SALAR I ES , WAGES & BENEF I TS 
Operat i ng  Costs 
Travel 
Materi a l s & Suppl i es 
Servi ces 
Tel ecommun i cat i ons  
Tempora ry workers 
P reparat i on of report s  
Year 1 
Qual i ty Cont rol Consul tant Fees -
St i pends for Workshop 
Non-Empl oyee Travel : 
Si te  Defi n i t i on Steeri ng  G roup 
S i te Defi n i t i on Adv i sory Panel 
TOTAL OPERAT I NG COSTS 
Resea rch D i rected by I SGS - Hei gol d ,  Nel son 
Resea rch Subcont ract i ng Costs 
P u rdue Un i vers i ty - Hi nze 
P u rdue Un i vers i ty - B rai l e  
S IU - Sexton 
UTEP - Kel l er 
N I U  - Ervi n 
USGS - St an l ey 
USGS - Hi l denbrand 
u .  P i ttsburg - L i d i ak 
Argonne Laboratory - McGi n n i s 
R i ce Un i ve rs i ty - Vai l 
TOTAL RESEARCH SUBCONTRACT COSTS 
TOTAL D I RECT COSTS 
Modi fi ed Total D i rect Costs 
I nd i rect Costs @ 49% of MTDC 
TOTAL COSTS 























$ 53 ,900 
67 ,000 
57 ,000 
1 ,769 , 500 
1 ,947 , 400 
209 ,700 
$2 , 157 , 100 
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BUDGET - SITE DEFINITION - ILLINOIS BASIN ULTRADEEP DRILLHOLE 
I BUD PROJ ECT ADMI N I STRAT I ON - I SGS 
Personnel 
Admi n i st rat i ve Ass i stant 
C l e ri cal assi stance 
Benefi ts @ 14 .6253 
TOTAL SALAR I E S ,  WAGES & BENEFITS 
Operat i n g  Costs 
Travel 
Materi a l s & Suppl i es 
Servi ces 
Tel ecommuni cati ons 
Temporary workers 
P reparat i on of Reports  
Year 2 
Qual i ty Cont rol Consu l tant Fees 
St i pends for Workshop 
Non-Empl oyee T ravel 
Si te  Defi n i t i on Steeri n g  G roup 
S i te Defi n i t i on Advi so ry P anel 
TOTAL OPERAT I NG COSTS 
Research D i rected by I SGS - Hei gol d ,  Nel son 
Resea rch Subcont ract i ng  Costs 
P u rdue  Uni vers i ty - Hi n ze 
P u rdue Un i vers i ty - Brai l e  
S I U  - Sexton 
UTEP - Kel l er 
N I U  - Erv i n 
USGS - Stanl ey 
USGS - Hi l denbrand 
u .  P i ttsburgh - L i di ak 
Argonne Laboratory - McGi nn i s 
R i ce Un i vers i ty - Vai l 
TOTAL RESEARCH SUBCONTRACT COSTS 
TOTAL D I RECT COSTS 
Mod i fi ed Total  D i rect Costs 
I nd i rect Costs @ 49% of MTDC 
TOTAL COSTS 























$ 60 ,350 
74 , 500 
60 ,500 
936 , 7 50 
1 ,132 , 100 
95 ,750 
$1 ,227 ,850 
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BUDGET - SITE DEFINITION - ILLINOIS BASIN ULTRADEEP DRILLHOLE 
I BUD PROJE CT ADMIN I STRAT I ON - I SGS 
Personnel  
Admi n i strat i ve Ass i stant 
Conference Admi n i st rator 
Cl e ri cal  assi stance 
Benef its  @ 14 .625% 
TOTAL SALAR I ES , WAGES  & BENEF ITS 
Operat i ng  Costs 
Travel 
Mate ri a l s & Suppl i es 
Servi ces 
Tel ecommu n i cat i ons  
Temporary workers 
P reparat i on of Reports 
Year 3 
Qual i ty Cont rol Cons u l tant F ees 
Sti pends for Workshop 
Non-Empl oyee Travel : 
Si te Defi n i t i on Stee ri ng  G roup 
S i te Defi n i t i on Advi sory Panel  
TOTAL OPERAT I NG COSTS 
Research D i rected by I SGS - Hei gol d ,  Nel son 
Research Subcontract i ng Costs 
P u rdue Uni vers i ty - H i nze 
Purdue Uni vers i ty - Brai l e  
S IU - Sexton 
. UTEP - Ke 1 1  er  
N IU  - E rv i n 
USGS - Stanl ey 
USGS - Hi l denbrand 
U .  P i ttsburgh - L i di ak  
Argonne Laboratory - McGi n n i s 
R i ce Uni vers i ty - Vai l 
TOTAL RESEARCH SUBCONTRACT COSTS 
TOTAL D IRECT COSTS 
Mod i f i ed Total  D i rect Costs 
I ndi rect Costs @ 493 of MTDC 
.,;:. �TOTAL COSTS 
$33 ,900 
2 , 000 






















$ 69 ,950 
68 ,000 
30 , 500 
185 , 000 
353 ,450 
82 ,550 
$436 , 000 
75 
BUDGET - SITE DEFI NITION - ILL I NOIS BASI N  ULTRADEEP DRILLHOLE 
SUMMARY 
Yea r 1 Yea r 2 Yea r 3 TOTALS 
Total Sal a ri es , Wages & Benefits  53 ,900 60 , 350 69 ,950 184 ,200 
Total  Operat i ng Costs 67 ,000 74 ,500 68 ,000 209 ,500 
Resea rch O i rected by I SGS 57 ,000 60 , 500 30 ,500 148 , 000 
Total Resea rch Subcont ract Costs 1 ,769 ,500 936 ,750 185 ,000 2 ,891 ,250 
TOTAL D I RECT COSTS 1 ,947 ,400 1 , 132 ,100 353 ,450 3 ,432 ,950 
I nd i rect Costs � 49% of MTDC 209 , 700 95 ,750 82 ,550 388 ,000 
TOTAL COSTS $2 , 157 ,100 $1 ,227 ,850 $436 ,000 $3 ,820 ,950 
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BUDGET DETAIL 
Research Di rected by I SGS ( Hei gol d and Nel son ) 
Year 1 
Deta i l ed pl ann i ng for fi e l d  ope rat i ons ,  data 
process i ng ,  model i ng ,  and i nterp retat i on 
Regi onal a real gravi ty and g round magnet i c  su rveys 
of Hub s i te and peri phery 
Reg i onal grav i ty and grou nd magnet i c su rveys al ong 
regi onal se i sm i c  refl ecti on profi l es 
I nput and i ntegrat i on of regi onal  st rat i graph i c  
and st ructu ral mappi n g ,  wel l l ogs and core and 
cutti ngs data 
TOTAL D I RECT COSTS 
I ndi rect Costs at 49% of MTDC 
Year 2 
Det ai l ed p l ann i ng for fi el d operat i ons , data 
p rocess i ng ,  model i ng ,  and i nt e rp retat i on 
Local i zed areal grav i ty ,  and g round mag neti c 
su rveys of sma l l area wi th i n Hub s i t e .  
Local i zed gra v i ty and ground magnet i c  su rveys 
al ong detai l ed sei smi c refl ect i on profi l es 
I nput and i nteg rat i on of regi onal st rati graph i c 
and st ructu ral mappi ng , wel l l ogs and core and 
cutti ngs data 
TOTAL D I RECT COSTS 
I ndi rect Costs at 49% of MTDC 
Yea r 3 
I nteg rat i on of potent i al fi e l d  d ata wi th other geophys i cal  
studi es to obtai n cons i stent , compat i b l e  i nterp retat i ons 
among a l l  geophys i cal d i s ci p l i nes 
I ntegrat i on of reg i onal st rat i g raphi c and st ru ct u ra l  
mappi ng , wel l  l ogs a nd core and  cutt i ng data wi th 
geophysi cal  data 
TOTAL D I RECT COSTS 
I ndi rect Costs at 49% of MTDC 
$57 ,000 
$57 , 000 
$ 28 ,000 
$60 , 500 
$29 ,600 
$ 30 , 500 
$ 1 5 , 000 
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Resea rch and Admi n i strat i ve Subcont ract to Pu rdue ( Hi nze) 
Yea r 1 
Chai rman of Steer i ng Commi ttee ; 
Supervi s i on of rel ated funct i ons of 
s i te sel ect i on s ci ent i sts , i nt e rp retat i on of 
potent i a l f i el d  data 
I ndi rect costs to U I UC 
Yea r 2 
Chai rman of Steeri ng Commi ttee ; 
Supervi s i on of rel ated funct i ons  of si te 
sel ect i on s ci ent i st s ,  i nterp retati on of 
potent i a l  fi el d data 
Year 3 
Chai rman of Steeri ng  Commi ttee ; 
Supervi s i on of rel ated funct i ons  of s i te 
select i on sci ent i st s ,  i nt e rp retat i on of 
potent i al fi el d data 
Resea rch Subcont ract to Pu rdue ( B rai l e) 
Yea r 1 
C rustal Refract i on Data 
Data Recordi ng  Subcont ract 
Wi de-angl e refl ect i on 
Deep Refl ect i on Data 
Data Acqu i s i t i on Subcont ract 
Data P rocess i ng Subcont ract 
Un i vers i ty Res ea rch Support 
TOTAL 
I ndi rect costs to U I UC 
Year 2 
P rocess i ng ,  model l i ng ,  and i nt e rp retati on of se i sm i c  d ata  
Research 
TOTAL 
I ndi rect costs as soci ated wi th subcont racts 
to sei smi c record i ng compani es and to UTEP and 
S I U  
$30 , 000 
$12 , 500 
$33 , 000 






$340 , 000 
1 2 , 250 
$50 ,000 
25 , 000 
$75 , 000 
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Yea r 3 
I ntegrati on of sei sm i c  data wi th other geophys i cal studi es 
to obtai n cons i stent , compat i bl e  i nterp retat i ons  among  al l 
geophys i ca l  d i s c i p l i nes 
TOTAL 
Resea rch Subcont ract to S I U  ( Sexton ) 
Regi onal Refl ect i on Data 
Data acqu i s i t i on subcont ract 
Data p rocess i ng subcont ract 
Uni vers i ty Research Support 
TOTAL 
I ndi rect costs to U I UC 
Detai l ed Refl ecti on Data 
Data  acq u i s i t i on subcont ract 
Data p rocess i ng subcont ract 
Uni ve rs i ty Research Support 
TOTAL 
Yea r 1 
Year 2 
Year 3 
I nteg rat i on of sei smi c data wi th other geop hys i ca l  
studi es t o  obtai n cons i stent , compat i bl e  
i nterp retat i ons among a l l  geophys i cal d i sci p l i nes 
TOTAL 
Research Subcont ract to UTEP ( Kel l er ) 
Yea r 1 
Detai l ed p l ann i ng fi e l d  operat i ons , process i ng ,  
model l i ng ,  and i nterp retat i on of sei smi c data 
TOTAL 





$948 , 000 
$12 ,250 
$264 , 000 
126 ,000 
7 5 ,000 
$46 5 , 000 
$35 ,000 
$75 , 000 
$12 ,250 
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Yea r 2 
Detai l ed p l ann i ng for fi e ld  operati ons ,  p rocess i n g ,  
model l i ng ,  and i nterp retat i on o f  sei smi c dat a 
TOTAL : 
Year 3 
I nteg rati on of sei smi c  data wi th other geophysi cal stud i es 
to obtai n cons i stent , compat i bl e  i nterp retat i on among  a l l 
geophys i cal d i sc i p l i nes 
TOTAL 
Research Subcont ract to N IU  ( E rvi n ) 
Yea r 1 
Regi onal g rav i ty and g round magnet i c  su rvey of 
the Hub s i te and i ts peri phery 
G rav ity and g rou nd magnet i c  s u rvey a l ong reg i onal 
sei smi c al ong reg i onal sei smi c refl ect i on l i nes 
P rocess i ng and i nterpretat i on of reg i onal 
gravi ty and g round  magnet i c  su rveys  
TOTAL 
I nd i rect Costs to U I UC 
Year 2 
Local i zed grav i ty & grou nd magnet i c  su rvey 
P rocess i ng and i nterp ret at i on of l ocal i zed 
gravi ty and g round magnet i c  su rveys 
TOTAL 
Year 3 
I nteg rat i on of potenti al fi e l d  data wi th other 
geophy s i cal data to obtai n cons i stent , compat i b l e  
i nterp retat i ons among a l l  geophys i cal d i sc i p l i nes . 
TOTAL 
$75 , 000 
$35 , 000 
$36 ,800 
1 7 , 000 
31 , 700 
$85 , 500 
12 ,250 
$23 , 000 
17 , 250 
$40 , 250 
$35 , 000 
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Research Subcont ract to USGS ( Stanl ey ) 
Yea r 1 
Magnetotel l u ri c soundi n gs a l ong regi onal sei smi c  
refl ect i on l i nes ( 250 km ) 
TOTAL 
I ndi rect costs to U I UC 
Yea r 2 
Magnetotel l u ri c soundi ngs a l ong detai l ed sei smi c 
refl ect i on l i nes ( 50 k i l ometers ) 
TOTAL 
Resea rch Su bcont ra ct to USGS ( Hi l denb rand ) 
Year 1 
P repa rat i on of bas i c  g ra v i ty and magnet i c  anoma ly  
maps  and enh anced anomaly  and maps  
P repa rati on of  general i zed depth to c rysta l l i ne 
basement map 
Col l ect i on of t ruck-mou nted ground 
magneti c dat a 
TOTAL 
I nd i rect cost  to U I UC 
Year 2 
Detai l ed model i ng of pot enti al fi e l d  data 
I ntegrati on and combi ned i nterp retat i ons 
of al l geophysi cal dat a 
TOTAL : 
Resea rch Subcont ract to U .  of Pi ttsbu rgh ( Li d i ak ) 
Yea r  1 
Basement geol ogy studi es , i ntegrat i on of mi dconti nent 
basement data 
TOTAL 
I ndi rect costs to U I UC 
$ 125 , 000 
$12 , 250 
$50 , 000 
$ 25 ,000 
35 ,000 
1 5 ,000 
$75 ,000 
$12 , 250 
$40 ,000 
60 ,000 
$ 100 ,000 
$35 ,000 
$ 1 2 , 250 
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Yea r 2 
Basement geol ogy studi es i nteg rat i on of mi dcont i nent 
bas ement data 
TOTAL 
Research Subcont ract to Argonne Nati onal Lab ( McG i n n i s ) 
Year 1 
P l ann i n g ,  model i ng ,  i nterp retati on and i nteg rat i on of 
ref ract i on and refl ect i on data wi th  other geophy s i cal 
and geol ogi cal i nformat i on 
TOTAL 
I ndi rect costs to U I UC 
Yea r 2 
Pl ann i n g ,  model i ng ,  i nterp retati on and i nteg rat i on of 
ref ract i on and refl ect i on data wi t h  ot her geophys i ca l  
and geol og i cal i nformati on 
TOTAL 
Year 3 
P l ann i n g ,  model i ng ,  i nterpretat i on and i ntegrat i on of 
refract i on and refl ect i on data wi th other geophy s i cal  
and geol ogi cal i nformat i on 
TOTAL 
Research Subcont ract to R i ce Un i ve rs i ty ( Vai l ) 
Year 1 
I nterpretat i on of wel l data and reg i onal and deta i l ed 
sei smi c  refl ecti on data wi th emphas i s on sequence 
strat i g rap hy i n  order to acqui re maxi mum data f rom 
Hub s i te 
TOTAL 
I ndi rect cost to U I UC 
$20 ,000 
$30 ,000 
$ 12 , 500 
$52 , 500 
$ 1 5 ,000 
$ 26 ,000 
$ 1 2 , 500 
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Yea r 2 
Inte rp retat i on of wel l data and regi onal and det ai l ed 
sei smi c  refl ecti on data wi t h  emp has i s  on sequence 
strat i g raphy in order to acqu i re maxi mum data from 
Hub s it e  
TOTAL 
Year 3 
I nterpretat i on of wel l data and regi onal and detai l ed 
sei smi c refl ect i on data wi t h  emphasi s on sequence 
strat i g raphy i n  order to acqui re maxi mum data from 
Hub s i te 
TOTAL 
$26 ,000 
$ 1 3 ,000 
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